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Overview

The ability to create, visualize, and manipulate materials at 

the nanoscale is changing the world of science—leading to 

ŵĂŶǇ�ƚĞĐŚŶŽůŽŐŝĐĂů�ďƌĞĂŬƚŚƌŽƵŐŚƐ�ƚŚĂƚ�ǁŝůů�ďĞŶĞĮƚ�ƐŽĐŝĞƚǇ�

ĨƌŽŵ�ůŝŐŚƚ�ŚĂƌǀĞƐƟŶŐ�ĨŽƌ�ĞŶĞƌŐǇ�ƚŽ�ƋƵĂŶƚƵŵ�ĐŽŵƉƵƟŶŐ͘�

The Center for Nanoscale Materials (CNM) at Argonne 

EĂƟŽŶĂů�>ĂďŽƌĂƚŽƌǇ�ŝƐ�Ă�ƉƌĞŵŝĞƌ�ƵƐĞƌ�ĨĂĐŝůŝƚǇ�ǁŚŽƐĞ�ŵŝƐƐŝŽŶ�

ŝƐ�ƚŽ�ƉƌŽǀŝĚĞ�ĞǆƉĞƌƟƐĞ͕�ŝŶƐƚƌƵŵĞŶƚĂƟŽŶ͕�ĂŶĚ�ŝŶĨƌĂƐƚƌƵĐƚƵƌĞ�

for interdisciplinary nanoscience and nanotechnology 

ƌĞƐĞĂƌĐŚ͘��ĐĂĚĞŵŝĐ͕�ŝŶĚƵƐƚƌŝĂů͕�ĂŶĚ�ŝŶƚĞƌŶĂƟŽŶĂů�

researchers can apply to use CNM for both nonproprietary 

ĂŶĚ�ƉƌŽƉƌŝĞƚĂƌǇ�ƌĞƐĞĂƌĐŚ͘

The Center’s goal is to support basic research and 

ŝŶƐƚƌƵŵĞŶƚĂƟŽŶ�ĚĞǀĞůŽƉŵĞŶƚ�ƚŚĂƚ�ĞǆƉůŽƌĞƐ�ǁĂǇƐ�ƚŽ�ĐƌĞĂƚĞ�

ĨƵŶĐƟŽŶĂů�ŚǇďƌŝĚ�ŶĂŶŽŵĂƚĞƌŝĂůƐ�ĂŶĚ�ƚŽ�ƚĂŝůŽƌ�ŶĂŶŽƐĐĂůĞ�

ŝŶƚĞƌĂĐƟŽŶƐ�ĨŽƌ�ĞŶĞƌŐǇͲƌĞůĂƚĞĚ�ƌĞƐĞĂƌĐŚ�ĂŶĚ�ĚĞǀĞůŽƉŵĞŶƚ�

ƉƌŽŐƌĂŵƐ͘��ŽƚŚ��ƌŐŽŶŶĞ�ƐƚĂī�ĂŶĚ�ŽƵƚƐŝĚĞ�ƵƐĞƌƐ�ĐĂƌƌǇ�ŽƵƚ�

research within the Center’s primary theme of “Energy and 

/ŶĨŽƌŵĂƟŽŶ�dƌĂŶƐĚƵĐƟŽŶ�Ăƚ�ƚŚĞ�EĂŶŽƐĐĂůĞ͘͟ �dŚŝƐ�ĐƌŽƐƐͲ

ĐƵƫŶŐ�ƚŚĞŵĞ�ĂĚĚƌĞƐƐĞƐ�ŐƌĂŶĚ�ĐŚĂůůĞŶŐĞƐ�ŝŶ�ĞŶĞƌŐǇ�ĂŶĚ�

ŝŶĨŽƌŵĂƟŽŶ�ĐŽŶǀĞƌƐŝŽŶ�ĂŶĚ�ƚƌĂŶƐƉŽƌƚ�;ƚƌĂŶƐĚƵĐƟŽŶͿ͕�ǁŚŝůĞ�

furthering the Department of Energy (DOE) missions in 

ĞŶĞƌŐǇ�ŐĞŶĞƌĂƟŽŶ͕�ƐƚŽƌĂŐĞ͕�ĂŶĚ�ĞĸĐŝĞŶĐǇ͘

dŚĞ��ED�ŝƐ�ŽŶĞ�ŽĨ�ƚŚĞ��K��KĸĐĞ�ŽĨ�^ĐŝĞŶĐĞ�EĂŶŽƐĐĂůĞ�

^ĐŝĞŶĐĞ�ZĞƐĞĂƌĐŚ��ĞŶƚĞƌƐ͘�/ƚ�ǁĂƐ�ĐŽŶƐƚƌƵĐƚĞĚ�ƵŶĚĞƌ�Ă�ũŽŝŶƚ�

ƉĂƌƚŶĞƌƐŚŝƉ�ďĞƚǁĞĞŶ��K��ĂŶĚ�ƚŚĞ�^ƚĂƚĞ�ŽĨ�/ůůŝŶŽŝƐ͘��ůŽŶŐ�

ǁŝƚŚ��ƌŐŽŶŶĞ Ɛ͛��ĚǀĂŶĐĞĚ�WŚŽƚŽŶ�^ŽƵƌĐĞ�;�W^Ϳ͕��ED�

ƐŚĂƌĞƐ�Ă�,ĂƌĚ�yͲƌĂǇ�EĂŶŽƉƌŽďĞ�ďĞĂŵůŝŶĞ͕�ǁŚŝĐŚ�ĂůůŽǁƐ�

ƵŶƉƌĞĐĞĚĞŶƚĞĚ�ǀŝĞǁƐ�ĚĞĞƉ�ǁŝƚŚŝŶ�ŶĂŶŽŵĂƚĞƌŝĂůƐ͘�KƚŚĞƌ�

ƉƌĞŵŝĞƌ�ĐĂƉĂďŝůŝƟĞƐ�ŝŶĐůƵĚĞ�ǁŽƌůĚͲĐůĂƐƐ�ŶĂŶŽĨĂďƌŝĐĂƟŽŶ�ĂŶĚ�

ƐĐĂŶŶŝŶŐ�ƉƌŽďĞ�ƌĞƐĞĂƌĐŚ�ĨĂĐŝůŝƟĞƐ͕�ĂŶ�ŽǆŝĚĞ�ŵŽůĞĐƵůĂƌ�ďĞĂŵ�

ĞƉŝƚĂǆǇ�ƐǇƐƚĞŵ͕�ĂďĞƌƌĂƟŽŶͲĐŽƌƌĞĐƚĞĚ�ƚƌĂŶƐŵŝƐƐŝŽŶ�ĞůĞĐƚƌŽŶ�

ŵŝĐƌŽƐĐŽƉǇ͕ �ƵůƚƌĂĨĂƐƚ�ŽƉƟĐĂů�ƉƌŽďĞƐ͕�ĂŶĚ�ŵĂŶǇ�ŽƚŚĞƌ�ƐƚĂƚĞͲ

ŽĨͲƚŚĞͲĂƌƚ�ŝŶƐƚƌƵŵĞŶƚƐ͘�
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50%
from academia

User Community

dŚĞ��ED�ǁĞůĐŽŵĞƐ�ŽƵƚƐŝĚĞ�ƵƐĞƌƐ͕�ďŽƚŚ�ĂƐ�ŝŶĚĞƉĞŶĚĞŶƚ�ŝŶǀĞƐƟŐĂƚŽƌƐ�ĂŶĚ�ĂƐ�ĐŽůůĂďŽƌĂƚŽƌƐ͕�ĨƌŽŵ�Ă�ǁŝĚĞ�ƌĂŶŐĞ�ŽĨ�ƐĐŝĞŶƟĮĐ�

ĮĞůĚƐ͕�ŽŶ�ƚŚĞ�ďĂƐŝƐ�ŽĨ�ƉĞĞƌͲƌĞǀŝĞǁĞĚ�ƉƌŽƉŽƐĂůƐ͘�dŚĞ�ĐƌŽƐƐͲĚŝƐĐŝƉůŝŶĂƌǇ�ĂƉƉƌŽĂĐŚ�ƚŽ�ŶĂŶŽͲƌĞůĂƚĞĚ�ƌĞƐĞĂƌĐŚ�Ăƚ��ED�ĞŶĂďůĞƐ�

ŝĚĞĂƐ�ĂŶĚ�ĂĐƟǀŝƟĞƐ�ƚŽ�ĐƌŽƐƐͲƉŽůůŝŶĂƚĞ͕�ŵĂƚƵƌĞ͕�ĂŶĚ�ĞǀŽůǀĞ�ŽǀĞƌ�ƟŵĞ�ŝŶƚŽ�ƚŚĞ�ƉĂƚŚǁĂǇƐ�ŽĨ�ƐĐŝĞŶƟĮĐ�ŝŶǀĞƐƟŐĂƟŽŶ�ĂŶĚ�

ĚŝƐĐŽǀĞƌǇ�ƚŚĂƚ�ǁŝůů�ŚĞůƉ�ƐŚĂƉĞ�ƚŚĞ�ĨƵƚƵƌĞ�ŽĨ�ŽƵƌ�ƐŽĐŝĞƚǇ͘��Ŷ�ĞǆƚĞƌŶĂů�WƌŽƉŽƐĂů��ǀĂůƵĂƟŽŶ��ŽĂƌĚ�ƌĞǀŝĞǁƐ�ƵƐĞƌ�ƉƌŽƉŽƐĂůƐ͘�/Ĩ�

ĂůůŽĐĂƚĞĚ͕�ƉƌŽƉŽƐĂůƐ�ĂƌĞ�ĂĐƟǀĞ�ĨŽƌ�ŽŶĞ�ǇĞĂƌ�Žƌ�ƵŶƟů�ƚŚĞ�ĂůůŽĐĂƟŽŶ�ĂůůŽƚŵĞŶƚ�ŚĂƐ�ďĞĞŶ�ĞǆƉĞŶĚĞĚ͕�ǁŚŝĐŚĞǀĞƌ�ŽĐĐƵƌƐ�ĮƌƐƚ͘�

�ĐĐĞƐƐ�ŝƐ�ĂǀĂŝůĂďůĞ�Ăƚ�ŶŽ�ĐŚĂƌŐĞ�ĨŽƌ�ǁŽƌŬ�ƚŚĂƚ�ŝƐ�ŝŶƚĞŶĚĞĚ�ĨŽƌ�ƉƵďůŝĐĂƟŽŶ�Žƌ�ƚŚĞ�ƉƵďůŝĐ�ĚŽŵĂŝŶ͘��ĐĐĞƐƐ�ŝƐ�ĂůƐŽ�ĂǀĂŝůĂďůĞ�ŽŶ�

Ă�ĐŽƐƚͲƌĞĐŽǀĞƌǇ�ďĂƐŝƐ�ĨŽƌ�ƉƌŽƉƌŝĞƚĂƌǇ�ƌĞƐĞĂƌĐŚ�ƚŚĂƚ�ŝƐ�ŶŽƚ�ŝŶƚĞŶĚĞĚ�ĨŽƌ�ƚŚĞ�ƉƵďůŝĐ�ĚŽŵĂŝŶ͘�^ĂĨĞƚǇ�ŝƐ�ĂŶ�ĞƐƐĞŶƟĂů�ƉĂƌƚ�ŽĨ�Ăůů�

ǁŽƌŬ�ĚŽŶĞ�Ăƚ�ƚŚĞ��ED͕�ĂŶĚ�ƵƐĞƌƐ�ĂƌĞ�ƌĞƋƵŝƌĞĚ�ƚŽ�ďĞ�ƉƌŽƉĞƌůǇ�ƚƌĂŝŶĞĚ�ďĞĨŽƌĞ�ǁŽƌŬŝŶŐ�ŝŶ�ŝƚƐ�ĨĂĐŝůŝƟĞƐ͘���hƐĞƌƐ��ǆĞĐƵƟǀĞ�

�ŽŵŵŝƩĞĞ�ĂĐƚƐ�ĂƐ�Ă�ůŝĂŝƐŽŶ�ďĞƚǁĞĞŶ�ƚŚĞ�ƵƐĞƌ�ĐŽŵŵƵŶŝƚǇ�ĂŶĚ��ED�ŵĂŶĂŐĞŵĞŶƚ͕�ĂŶĚ�ĂůƐŽ�ŽƌŐĂŶŝǌĞƐ�ƚŚĞ�ƚĞĐŚŶŝĐĂů�

ƉƌŽŐƌĂŵ�ĨŽƌ�ƚŚĞ�ĂŶŶƵĂů�hƐĞƌƐ�DĞĞƟŶŐƐ͘�

22
countries

3
proposal calls 

per year

>7000
ĐŝƚĂƟŽŶƐ�ƉĞƌ�ǇĞĂƌ�

40
states

30
ŶĂŶŽŵĞƚĞƌ�ƌĞƐŽůƵƟŽŶ�ŽĨ�ǆͲƌĂǇ�ŵŝĐƌŽƐĐŽƉĞ

400-500
users per year

11,000
ƐƋƵĂƌĞ�ĨĞĞƚ�ŽĨ�ĐůĞĂŶƌŽŽŵ�ƐƉĂĐĞ

“I consider CNM to be similar to the 

cultural centers in Renaissance Europe 

ǁŚĞƌĞ�ĂƌƟƐƚƐ�ŵĞƚ�ƚŽ�ƉƵƐŚ�ƚŚĞ�ďŽƵŶĚĂƌŝĞƐ�
ŽĨ�Ăƌƚ͘�dŽĚĂǇ͕�ƐĐŝĞŶƟƐƚƐ�ĨƌŽŵ�ĂƌŽƵŶĚ�ƚŚĞ�
ǁŽƌůĚ�ĂƌĞ�ŵĞĞƟŶŐ�Ăƚ��ED�ƚŽ�ƉƵƐŚ�ƚŚĞ�
boundaries of nanoscience.”

ZĂůƵ��ŝǀĂŶͬ��ŚĞŵŝƐƚ�
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Changing the World with Nanoscience

Re
se

ar
ch

 A
re

as

Electronic & Magnetic Materials & Devices

dŚĞ��ED Ɛ͛��ůĞĐƚƌŽŶŝĐ�ĂŶĚ�DĂŐŶĞƟĐ�DĂƚĞƌŝĂůƐ�ĂŶĚ��ĞǀŝĐĞƐ�

(EMMD) Group seeks to take control of materials at the 

ĂƚŽŵŝĐ�ĂŶĚ�ŵŽůĞĐƵůĂƌ�ƐĐĂůĞ�ƚŽ�ďĞƩĞƌ�ƵŶĚĞƌƐƚĂŶĚ�ĂŶĚ�ƵƟůŝǌĞ�

ƚŚĞŝƌ�ďĞŚĂǀŝŽƌ�ĂŶĚ�ƉƌŽƉĞƌƟĞƐ͘��Ǉ�ĚŽŝŶŐ�ƐŽ͕�ǁĞ�Ăŝŵ�ƚŽ�ƉĂǀĞ�

the way for breakthroughs in new energy conversion and 

ƉŽǁĞƌͲĞĸĐŝĞŶƚ�ĞŶĞƌŐǇ�ƚĞĐŚŶŽůŽŐŝĞƐ͘�KƵƌ�ƌĞƐĞĂƌĐŚ�ĐŽŶƐŝƐƚƐ�

of several key areas: 

 � ůŽǁͲĚŝŵĞŶƐŝŽŶĂů�ŵĂƚĞƌŝĂůƐ�ƐƵĐŚ�ĂƐ�ŐƌĂƉŚĞŶĞ�ĂŶĚ�
ŚĞƚĞƌŽƐƚƌƵĐƚƵƌĞƐ�ĨŽƌŵĞĚ�ďǇ�ƐƚĂĐŬĞĚ�ƚǁŽͲĚŝŵĞŶƐŝŽŶĂů�
materials,

 � ŶĞǆƚͲŐĞŶĞƌĂƟŽŶ�ƉŚŽƚŽǀŽůƚĂŝĐƐ͕

 � polymer molecular engineering, 

 � ŚǇďƌŝĚ�ŵĂŐŶĞƟĐ�ŶĂŶŽƉĂƌƟĐůĞƐ͕�

 � ŵŽůĞĐƵůĂƌ�ƐĞůĨͲĂƐƐĞŵďůǇ͕ �

 � ƐŝŶŐůĞͲŵŽůĞĐƵůĞ�ƐƚƵĚŝĞƐ�ŽŶ�ƐƵƌĨĂĐĞƐ͕

 � ĂƚŽŵŝĐͲƐĐĂůĞ�ŝŶǀĞƐƟŐĂƟŽŶƐ�ŽĨ�ƐƚƌƵĐƚƵƌĂů͕�ĞůĞĐƚƌŽŶŝĐ͕�
ŵĂŐŶĞƟĐ͕�ĂŶĚ�ŽƉƟĐĂů�ƉƌŽƉĞƌƟĞƐ�ŽĨ�ŶĂŶŽƐƚƌƵĐƚƵƌĞĚ�
surfaces, and

 � ĂƚŽŵŝĐ�ĂŶĚ�ŵŽůĞĐƵůĂƌ�ŵĂŶŝƉƵůĂƟŽŶ͘

/ŶǀĞƐƟŐĂƟŽŶ�ŽĨ�ŶĂŶŽƐĐĂůĞ�ƉŚĞŶŽŵĞŶĂ�ŽŌĞŶ�ƌĞƋƵŝƌĞƐ�

ĞǆƉĞƌŝŵĞŶƚĂů�ĂƉƉƌŽĂĐŚĞƐ�ƚŚĂƚ�ĞǆƚĞŶĚ�ďĞǇŽŶĚ�ĐŽŶǀĞŶƟŽŶĂů�

ƚĞĐŚŶŝƋƵĞƐ͘�dŽ�ƚŚĂƚ�ĞŶĚ͕��DD��ĞǆƉůŽŝƚƐ�ŚŝŐŚůǇ�ĂĚǀĂŶĐĞĚ�

ŝŶƐƚƌƵŵĞŶƚĂƟŽŶ�ƐƵĐŚ�ĂƐ�ƵůƚƌĂŚŝŐŚ�ǀĂĐƵƵŵ�ƐĐĂŶŶŝŶŐ�ƉƌŽďĞ�

ŵŝĐƌŽƐĐŽƉǇ͕ �ƐŝŶŐůĞͲƉĂƌƟĐůĞ�ůĂƐĞƌ�ƐƉĞĐƚƌŽƐĐŽƉǇ͕ �ŵŽůĞĐƵůĂƌ�

beam epitaxy, and novel approaches for hybrid, organic and 

ŶĂŶŽƉĂƌƟĐůĞ�ŵĂƚĞƌŝĂůƐ�ƐǇŶƚŚĞƐŝƐ͘

Research Activities

 � ^ǇŶƚŚĞƐŝƐ�ĂŶĚ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�ůŽǁͲĚŝŵĞŶƐŝŽŶĂů�
materials 

 � dĂŝůŽƌŝŶŐ�ŽĨ�ŝŶƚĞƌĂĐƟŽŶƐ�Ăƚ�ƚŚĞ�ŶĂŶŽƐĐĂůĞ

 � �ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŚǇďƌŝĚ�ŶĂŶŽƉĂƌƟĐůĞƐ�ĂŶĚ�ŶĂŶŽŵĂƚĞƌŝĂůƐ�
ĨŽƌ�ĞŶĞƌŐǇ�ĂƉƉůŝĐĂƟŽŶƐ͕�ŶŽǀĞů�ŚǇďƌŝĚ�ŽƌŐĂŶŝĐ�ƐŽůĂƌ�ĐĞůůƐ͕�
and molecular electronic and spintronic devices

 � �ƚŽŵŝƐƟĐ�ŝŶǀĞƐƟŐĂƟŽŶƐ�ŽĨ�ĞŶŐŝŶĞĞƌĞĚ�ŝŶƚĞƌĨĂĐĞƐ

 � EĂŶŽŵĞĐŚĂŶŝĐƐ�ŽĨ�ŶĂŶŽĨĂďƌŝĐĂƚĞĚ�ĂŶĚ�ƐĞůĨͲĂƐƐĞŵďůĞĚ�
systems

Key Capabilities

 � ^ĐĂŶŶŝŶŐ�ƚƵŶŶĞůŝŶŐ�ŵŝĐƌŽƐĐŽƉĞ�ŽƉĞƌĂƟŶŐ�Ăƚ�ǀĂƌǇŝŶŐ�
ƚĞŵƉĞƌĂƚƵƌĞ�ĂŶĚ�ƵůƚƌĂŚŝŐŚ�ǀĂĐƵƵŵ�;KŵŝĐƌŽŶ�sdͲ�&Dͬ
^dD�ĂŶĚ�h,s�sdͲ^dDͿ

 � ^ĐĂŶŶŝŶŐ�ƉƌŽďĞ�ŵŝĐƌŽƐĐŽƉĞ�;sĞĞĐŽ�DƵůƟDŽĚĞ�ϴͿ

 � hůƚƌĂŚŝŐŚ�ǀĂĐƵƵŵ�ŶĂŶŽƉƌŽďĞ�;ϰͲƟƉ�^�D�KŵŝĐƌŽŶ�h,s�
Nanoprobe)

 � �ŽůůŽŝĚĂů�ĐŚĞŵŝƐƚƌǇ�ĂŶĚ�ƐĞůĨͲĂƐƐĞŵďůǇ�ƚĞĐŚŶŝƋƵĞƐ

 � �ŽŵƉůĞǆ�ŽǆŝĚĞ�ŵŽůĞĐƵůĂƌ�ďĞĂŵ�ĞƉŝƚĂǆǇ�;����ZϰϱϬ�
Custom)

 � WŚǇƐŝĐĂů�ǀĂƉŽƌ�ĚĞƉŽƐŝƟŽŶ�;>ĞƐŬĞƌ��D^�ϭϴ�ĂŶĚ�Ws��ϮϱϬͿ

 � Photovoltaics suite: integrated glovebox system, solar 

ƐŝŵƵůĂƚŽƌ͕ �ƋƵĂŶƚƵŵ�ĞĸĐŝĞŶĐǇ�ŵĞĂƐƵƌĞŵĞŶƚ�ƐǇƐƚĞŵ

'ƌĂƉŚĞŶĞ�ŝƐ�Ă�ƐŝŶŐůĞͲĂƚŽŵͲƚŚŝĐŬ�ŚŽŶĞǇĐŽŵď�ůĂƫĐĞ�ŽĨ�ĐĂƌďŽŶ�
ĂƚŽŵƐ�ǁŝƚŚ�ŵĂŶǇ�ƉŽƚĞŶƟĂů�ĂƉƉůŝĐĂƟŽŶƐ͕�ŝŶĐůƵĚŝŶŐ�ƉŚŽƚŽǀŽůƚĂŝĐƐ�
ĂŶĚ�ĞŶĞƌŐǇ�ƐƚŽƌĂŐĞ͘��ďŽǀĞ�ŝƐ�Ă�ƚŚƌĞĞͲĚŝŵĞŶƐŝŽŶĂů�ƌĞŶĚĞƌŝŶŐ�ŽĨ�
ŐƌĂƉŚĞŶĞ�ƐŚŽǁŝŶŐ�ĐŽŶƟŶƵŽƵƐ�ŐƌŽǁƚŚ�ŽŶ�Ă�ƉůĂƞŽƌŵ͘�
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Research Areas

Nanofabrication and Devices

dŚĞ�EĂŶŽĨĂďƌŝĐĂƟŽŶ�ĂŶĚ��ĞǀŝĐĞƐ�'ƌŽƵƉ�ŝƐ�ĂĚǀĂŶĐŝŶŐ�ƚŚĞ�

ƐƚĂƚĞͲŽĨͲƚŚĞͲĂƌƚ�ŝŶ�ŶĂŶŽĨĂďƌŝĐĂƟŽŶ�ĂŶĚ�ƚŚĞ�ĨƵŶĚĂŵĞŶƚĂů�

ƐĐŝĞŶĐĞ�ŽĨ�ŶĂŶŽƐĐĂůĞ�ƐǇƐƚĞŵƐ͘�tĞ�ƐĞĞŬ�ƚŽ�ĂĐŚŝĞǀĞ�

ƵŶƉƌĞĐĞĚĞŶƚĞĚ�ĐŽŶƚƌŽů�ŝŶ�ƚŚĞ�ĐƌĞĂƟŽŶ͕�ŝŶƚĞŐƌĂƟŽŶ͕�

ĂŶĚ�ŵĂŶŝƉƵůĂƟŽŶ�ŽĨ�ŶĂŶŽƐƚƌƵĐƚƵƌĞƐ�ƚŚĂƚ�ǁŝůů�ĨŽƌŵ�ƚŚĞ�

ĨŽƵŶĚĂƟŽŶ�ŽĨ�ĨƵŶĐƟŽŶĂů�ŶĂŶŽƐĐĂůĞ�ĚĞǀŝĐĞƐ͘�KƵƌ�ŵĂŝŶ�ĂƌĞĂƐ�

of research fall into the following topics:

 � /ŶƚĞŐƌĂƟŽŶ�ŽĨ�ŚǇďƌŝĚ�ŵĂƚĞƌŝĂůƐ�ĂŶĚ�ŶĂŶŽƐƚƌƵĐƚƵƌĞƐ

 � DĂŶŝƉƵůĂƟŽŶ�ŽĨ�ŶĂŶŽƐĐĂůĞ�ŝŶƚĞƌĂĐƟŽŶƐ

 � ZĞƐĞĂƌĐŚ�ŽŶ�ŶŽŶůŝŶĞĂƌ�ƉŚĞŶŽŵĞŶĂ�Ăƚ�ƚŚĞ�ŶĂŶŽƐĐĂůĞ

tĞ�ĂƌĞ�ĚĞǀĞůŽƉŝŶŐ�ŶĞǁ�ƉƌŽĐĞƐƐĞƐ�ĐĂƉĂďůĞ�ŽĨ�ĐƌĞĂƟŶŐ�

ĨĞĂƚƵƌĞƐ�ƐŵĂůůĞƌ�ƚŚĂŶ�ϭϬ�ŶĂŶŽŵĞƚĞƌƐ�ƚŚƌŽƵŐŚ�ůĂƌŐĞͲĂƌĞĂ�

ƉĂƩĞƌŶŝŶŐ͕�ĂƐ�ǁĞůů�ĂƐ�ŵŝĐƌŽͲ�ĂŶĚ�ŶĂŶŽͲĞůĞĐƚƌŽŵĞĐŚĂŶŝĐĂů�

ƐǇƐƚĞŵƐ�ƚŚĂƚ�ƐĞƌǀĞ�ĂƐ�ƉůĂƞŽƌŵƐ�ĨŽƌ�ŵĂŶŝƉƵůĂƟŽŶ�ĂŶĚ�

ĐŽŶƚƌŽů�ŽĨ�ŶĂŶŽƐƚƌƵĐƚƵƌĞƐ͘�

KƵƌ�ƌĞƐĞĂƌĐŚ�ŚĞůƉƐ�ƚŽ�ŵĞĞƚ�ƚŚĞ�ƐĐŝĞŶƟĮĐ�ĚĞŵĂŶĚƐ�

ŽĨ�ŽƵƌ�ƵƐĞƌ�ĐŽŵŵƵŶŝƚǇ͕ �ǁŚŝĐŚ�ƌĞƋƵŝƌĞƐ�ĞǆƉĞƌƟƐĞ�ŝŶ�

ŶĂŶŽĨĂďƌŝĐĂƟŽŶ�ĂŶĚ�ŶĂŶŽĚĞǀŝĐĞƐ�ĂŶĚ�ĂĐĐĞƐƐ�ƚŽ�ƐƚĂƚĞͲ

ŽĨͲƚŚĞͲĂƌƚ�ŶĂŶŽĨĂďƌŝĐĂƟŽŶ�ĐĂƉĂďŝůŝƟĞƐ͘���ůĂƌŐĞ�ƉĂƌƚ�ŽĨ�

ŽƵƌ�ĞīŽƌƚ�ŝƐ�ŽƌŝĞŶƚĞĚ�ƚŽǁĂƌĚ�ĚĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŶŽǀĞů�

ŝŶƐƚƌƵŵĞŶƚĂƟŽŶ�ĂŶĚ�ŵĂƚĞƌŝĂůƐ�ƚŚĂƚ�ƚŚĞ�ƵƐĞƌ�ĐŽŵŵƵŶŝƚǇ�ĐĂŶ�

ĞǆƉůŽŝƚ�ƚŽ�ĂĚǀĂŶĐĞ�ŝƚƐ�ŽǁŶ�ƌĞƐĞĂƌĐŚ�ƉƌŽŐƌĂŵƐ͘�

Research Activities 

 � WƌŽĐĞƐƐĞƐ�ĨŽƌ�ĂĐŚŝĞǀŝŶŐ�ƐƵďͲϭϬͲŶĂŶŽŵĞƚĞƌ�ĐƌŝƟĐĂů�
ĚŝŵĞŶƐŝŽŶƐ�ǁŝƚŚ�ůĂƌŐĞ�ĂƌĞĂ�ƉĂƩĞƌŶŝŶŐ�

 � �ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŵŝĐƌŽͲ�ĂŶĚ�ŶĂŶŽͲĞůĞĐƚƌŽŵĞĐŚĂŶŝĐĂů�
ƐǇƐƚĞŵƐ�ĨŽƌ�ŵĂŶŝƉƵůĂƟŽŶ�ĂŶĚ�ĐŽŶƚƌŽů�ŽĨ�ŶĂŶŽƐƚƌƵĐƚƵƌĞƐ�
ĂŶĚ�ĨŽƌ�ŵŝĐƌŽĞŶĞƌŐǇ�ŚĂƌǀĞƐƟŶŐ�

 � /ŶƚĞŐƌĂƟŽŶ�ŽĨ�ŶŽǀĞů�ŶĂŶŽŵĂƚĞƌŝĂůƐ�ŝŶƚŽ�ĚĞǀŝĐĞƐ�

 � DĂŶŝƉƵůĂƟŽŶ�ŽĨ�ŶĂŶŽƐĐĂůĞ�ŝŶƚĞƌĂĐƟŽŶƐ�

 � Nonlinear phenomena at the nanoscale 

 � �ĞǀĞůŽƉŵĞŶƚ�ŽĨ�ŶŽǀĞů�ŝŶƐƚƌƵŵĞŶƚĂƟŽŶ�ĨŽƌ�ƚŚĞ��ED�ƵƐĞƌ�
community to advance its own research programs 

Key Capabilities 

 � ,ŝŐŚͲ�ĂŶĚ�ůŽǁͲǀŽůƚĂŐĞ�ĞůĞĐƚƌŽŶ�ďĞĂŵ�ůŝƚŚŽŐƌĂƉŚǇ�
;:�K>�ϵϯϬϬ�&^�ĂŶĚ�ZĂŝƚŚ�ϭϱϬͿ�

 � KƉƟĐĂů�ůŝƚŚŽŐƌĂƉŚǇ�;<Ăƌů�^ƵƐƐ�D�ϲ�ĂŶĚ�DŝĐƌŽƚĞĐŚ�
>ĂƐĞƌͲtƌŝƚĞƌ�ϰϬϱͿ�

 � EĂŶŽŝŵƉƌŝŶƚ�ůŝƚŚŽŐƌĂƉŚǇ�;EĂŶŽŶĞǆ�EyͲϯϬϬϬͿ�

 � &ŽĐƵƐĞĚ�ŝŽŶ�ďĞĂŵ�ƉĂƩĞƌŶŝŶŐͬƐĐĂŶŶŝŶŐ�ĞůĞĐƚƌŽŶ�
ŵŝĐƌŽƐĐŽƉǇ�;&�/�EŽǀĂ�ϲϬϬ�EĂŶŽ>Ăď��ƵĂů��ĞĂŵͿ�

 � DŝĐƌŽǁĂǀĞ�ƉůĂƐŵĂ�ĐŚĞŵŝĐĂů�ǀĂƉŽƌ�ĚĞƉŽƐŝƟŽŶ�ŽĨ�
ŶĂŶŽĐƌǇƐƚĂůůŝŶĞ�ĚŝĂŵŽŶĚ�;>ĂŵďĚĂ�dĞĐŚŶŽůŽŐŝĞƐͿ�

 � WůĂƐŵĂͲĞŶŚĂŶĐĞĚ�ĐŚĞŵŝĐĂů�ǀĂƉŽƌ�ĚĞƉŽƐŝƟŽŶ�ŽĨ�ĐĂƌďŽŶ�
nanotubes and graphene (Atomate) 

 � tŝĚĞ�ǀĂƌŝĞƚǇ�ŽĨ�ĚĞƉŽƐŝƟŽŶ͕�ĞƚĐŚŝŶŐ͕�ĂŶĚ�ŵĞƚƌŽůŽŐǇ�
ƚĞĐŚŶŝƋƵĞƐ�

�ůĞĂŶƌŽŽŵ�ƌĞƐĞĂƌĐŚĞƌ�ƉƌĞƉĂƌŝŶŐ�Ă�ŶĂŶŽĨĂďƌŝĐĂƟŽŶ�ƉƌŽĐĞƐƐ�ǀŝĂ�
ĨŽĐƵƐĞĚ�ŝŽŶ�ďĞĂŵ�ůŝƚŚŽŐƌĂƉŚǇ͘
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X-ray Microscopy

dŚĞ�yͲƌĂǇ�DŝĐƌŽƐĐŽƉǇ�'ƌŽƵƉ�ǁŽƌŬƐ�ƚŽ�ĂƉƉůǇ�ŚŝŐŚͲƌĞƐŽůƵƟŽŶ�

yͲƌĂǇ�ŵŝĐƌŽƐĐŽƉǇ�ƚŽ�ŶĂŶŽƐĐŝĞŶĐĞ͘�yͲƌĂǇ�ŵŝĐƌŽƐĐŽƉǇ�ŝƐ�ĂŶ�

especially useful tool for examining the structures and 

ĚĞĨĞĐƚƐ�ŽĨ�ŵĂƚĞƌŝĂůƐ�ƚŚĂƚ�ŽŌĞŶ�ĚĞĮŶĞ�ƚŚĞŝƌ�ƉƌŽƉĞƌƟĞƐ�ĂŶĚ�

ďĞŚĂǀŝŽƌƐ͘

tĞ�ĞŵƉůŽǇ��ƌŐŽŶŶĞ Ɛ͛�,ĂƌĚ�yͲƌĂǇ�EĂŶŽƉƌŽďĞ͕�ǁŚŝĐŚ�ƵƐĞƐ�

yͲƌĂǇƐ�ƉƌŽĚƵĐĞĚ�ďǇ��ƌŐŽŶŶĞ Ɛ͛��ĚǀĂŶĐĞĚ�WŚŽƚŽŶ�^ŽƵƌĐĞ͕�ƚŽ�

ƐƚƵĚǇ�ƚŚĞ�ƐƚƌƵĐƚƵƌĞ�ĂŶĚ�ĐŚĂƌĂĐƚĞƌŝƐƟĐƐ�ŽĨ�ŶĂŶŽŵĂƚĞƌŝĂůƐ�

ǁŝƚŚ�ĞŵďĞĚĚĞĚ�Žƌ�ďƵƌŝĞĚ�ĨĞĂƚƵƌĞƐ͘

dŚĞ�ƐƉĂƟĂů�ƌĞƐŽůƵƟŽŶ�ŽĨ�ƚŚĞ�ŶĂŶŽƉƌŽďĞ�ĐĂŶ�ƌĞĂĐŚ�ϯϬ�

ŶĂŶŽŵĞƚĞƌƐ͘�dŚŝƐ�ƚŽŽů�ŝƐ�ĂůƐŽ�ďĞŝŶŐ�ĚĞǀĞůŽƉĞĚ�ƚŽ�ƉƌŽďĞ�

materials in situ�ʹ�ƵŶĚĞƌ�ĂĐƚƵĂů�ǁŽƌŬŝŶŐ�ĐŽŶĚŝƟŽŶƐ͘�^ƵĐŚ�

ĐŽŶĚŝƟŽŶƐ�ĐĂŶ�ŝŶĐůƵĚĞ�ŚŝŐŚ�Žƌ�ůŽǁ�ƚĞŵƉĞƌĂƚƵƌĞƐ͕�ĨŽƌ�

ĞǆĂŵƉůĞ͘

KŶĞ�ŽĨ�ŽƵƌ�ŵĂŝŶ�ƌĞƐĞĂƌĐŚ�ĂƌĞĂƐ�ŝƐ�ƚŚĞ�ŝŶǀĞƐƟŐĂƟŽŶ�ŽĨ�

ŶĂŶŽƐĐĂůĞ�ĐƌŝƟĐĂů�ƉŚĞŶŽŵĞŶĂ͕�ǁŚŝĐŚ�ŝŶǀŽůǀĞƐ�ůŽŽŬŝŶŐ�Ăƚ�

ƚŚĞ�ďĞŚĂǀŝŽƌ�ŽĨ�ƐƚƌƵĐƚƵƌĞƐ�ƚŚĂƚ�ĂīĞĐƚ�ƚŚĞ�ĨƵŶĐƟŽŶ�ŽĨ�Ă�

ŵĂƚĞƌŝĂů�ŝŶ�ĐŽŶĚŝƟŽŶƐ�ŝŶ�ǁŚŝĐŚ�ƚŚĞ�ŵĂƚĞƌŝĂů�ƵŶĚĞƌŐŽĞƐ�

Ă�ƉŚĂƐĞ�ĐŚĂŶŐĞ͘�dŚĞƐĞ�ŬŝŶĚƐ�ŽĨ�ŵĂƚĞƌŝĂůƐ�ŚĂǀĞ�ƉŽƚĞŶƟĂů�

ĂƉƉůŝĐĂƟŽŶƐ�ĨŽƌ�ůŽǁͲƉŽǁĞƌ�ĞůĞĐƚƌŽŶŝĐƐ�ĂŶĚ�ŚŝŐŚͲĚĞŶƐŝƚǇ�

ĐŽŵƉƵƚĞƌ�ŵĞŵŽƌǇ͘

�ĚĚŝƟŽŶĂůůǇ͕ �ƌĞƐĞĂƌĐŚĞƌƐ�ŝŶ�ƚŚĞ�ŐƌŽƵƉ�ĂƌĞ�ŝŶǀĞƐƟŐĂƟŶŐ�ŶĞǁ�

materials for energy storage by examining changes in the 

ŝŶƚĞƌŶĂů�ƐƚƌƵĐƚƵƌĞ�ŽĨ�ďĂƩĞƌŝĞƐ�ƵŶĚĞƌŐŽŝŶŐ�ĐŚĂƌŐŝŶŐ�ĂŶĚ�

ĚŝƐĐŚĂƌŐŝŶŐ�ƚŽ�ƵŶĚĞƌƐƚĂŶĚ�ǁŚǇ�ďĂƩĞƌǇ�ĞůĞĐƚƌŽĚĞƐ�ĚĞŐƌĂĚĞ�

ǁŝƚŚ�ƵƐĞ͘

Research Activities 

 � EĂŶŽƐĐĂůĞ�ĐƌŝƟĐĂů�ƉŚĞŶŽŵĞŶĂ�Ăƚ�ƉŚĂƐĞ�ƚƌĂŶƐŝƟŽŶƐ

 � New nanomaterials for energy science

 � EĂŶŽƐĐĂůĞ�ŵĂŐŶĞƟĐ�ŽƌĚĞƌŝŶŐ�ĂŶĚ�ŝŶƚĞƌĂĐƟŽŶƐ

 � Ultrathin and ultradilute systems 

 � User science that is aimed at understanding strain in 

ƐǇƐƚĞŵƐ�ƐƵĐŚ�ĂƐ�ƐŝůŝĐŽŶͲďĂƐĞĚ�ĚĞǀŝĐĞƐ�ĂŶĚ�ƌĞƐŝƐƟǀĞ�Z�D�
ƐǇƐƚĞŵƐ͕�ĚŝƐƚƌŝďƵƟŽŶ�ŽĨ�ŵĂƚƌŝǆ�ĞůĞŵĞŶƚƐ�ŝŶ�ŐĞŽƉŽůǇŵĞƌƐ�
and novel nanocomposites, and nanocomposites in 

ƟƐƐƵĞƐ�ĂŶĚ�ĐĞůůƐ�

Key Capabilities 

 � &ƵůůͲĮĞůĚ�ƚƌĂŶƐŵŝƐƐŝŽŶ�ŝŵĂŐŝŶŐ�ĂŶĚ�ŶĂŶŽƚŽŵŽŐƌĂƉŚǇ

 � ^ĐĂŶŶŝŶŐ�ŶĂŶŽĚŝīƌĂĐƟŽŶ�ĂŶĚ��ƌĂŐŐ�ƉƚǇĐŚŽŐƌĂƉŚǇ

 � ^ĐĂŶŶŝŶŐ�ŇƵŽƌĞƐĐĞŶĐĞ�yͲƌĂǇ�ŵŝĐƌŽƐĐŽƉǇ

 � In situ, in operando experiments

>ŽŽŬŝŶŐ�ŝŶƐŝĚĞ�͞ƐƚƌĞƐƐĞĚͲŽƵƚ͟�ŶĂŶŽͲƐŝǌĞĚ�ŽďũĞĐƚƐ͘��ŽŵƉƵƚĞƌƐ�
ĚĞƉĞŶĚ�ŽŶ�ƟŶǇ�ƚƌĂŶƐŝƐƚŽƌƐ�ƚŚĂƚ�ǁŽƌŬ�ďĞƩĞƌ�ǁŚĞŶ�ƐƋƵĞĞǌĞĚ͘�EĞǁ�
ƌĞƐĞĂƌĐŚ�ůŽŽŬƐ�ŝŶƐŝĚĞ�ŝŶĚŝǀŝĚƵĂů�ŶĂŶŽƐĐĂůĞ�ƐŝůŝĐŽŶ�ĐŚĂŶŶĞůƐ͕�ƵƐŝŶŐ�
ŶĂŶŽͲĨŽĐƵƐĞĚ�yͲƌĂǇ�ďĞĂŵƐ͕�ƚŽ�ƐĞĞ�ĞǆĂĐƚůǇ�ŚŽǁ�ƚŚĞǇ�ƌĞƐƉŽŶĚ�ƚŽ�
ƉƌĞƐƐƵƌĞ͘�dŚŝƐ�ĚŝƐĐŽǀĞƌǇ�ĐŽƵůĚ�ůĞĂĚ�ƚŽ�ďĞƩĞƌ�ŚŝŐŚͲƉĞƌĨŽƌŵĂŶĐĞ�
ŶĂŶŽƐĐĂůĞ�ĞŶŐŝŶĞĞƌĞĚ�ŵĂƚĞƌŝĂůƐ�ĨŽƌ�ĞŶĞƌŐǇ�ĂƉƉůŝĐĂƟŽŶƐ�ŝŶ�ŐĞŶĞƌĂů͘
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Research Areas

Nanophotonics

dŚĞ�ŽďũĞĐƟǀĞ�ŽĨ�ƚŚĞ�EĂŶŽƉŚŽƚŽŶŝĐƐ�'ƌŽƵƉ�ŝƐ�ƚŽ�ƵŶĚĞƌƐƚĂŶĚ�

ƚŚĞ�ĨƵŶĚĂŵĞŶƚĂů�ďĞŚĂǀŝŽƌƐ�ƚŚĂƚ�ŐŽǀĞƌŶ�ůŝŐŚƚͲŵĂƩĞƌ�

ŝŶƚĞƌĂĐƟŽŶƐ�ĂŶĚ�ĞŶĞƌŐǇ�ŇŽǁ�ŝŶ�ŶĂŶŽŵĂƚĞƌŝĂůƐ͘�KƵƌ�

ƌĞƐĞĂƌĐŚ�ĞŶĐŽŵƉĂƐƐĞƐ�ƚŚĞ�ƉƌĞĚŝĐƟŽŶ͕�ĚĞƐŝŐŶ͕�ĐƌĞĂƟŽŶ͕�

ĂŶĚ�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�ŶĂŶŽƐĐĂůĞ�ŽƉƟĐĂů�ŵĂƚĞƌŝĂůƐ͕�ǁŝƚŚ�Ă�

ƉĂƌƟĐƵůĂƌ�ĞŵƉŚĂƐŝƐ�ŽŶ�ĞŶĞƌŐǇ�ŇŽǁ�ŝŶ�ŚǇďƌŝĚ�ŶĂŶŽƉĂƌƟĐůĞ�

ƐǇƐƚĞŵƐ͘�&Žƌ�ŝŶƐƚĂŶĐĞ͕�ƚŚĞ�ĐŽƵƉůŝŶŐ�ŽĨ�ŶĂŶŽƉĂƌƟĐůĞƐ�

ǁŝƚŚ�ŶŽƌŵĂůůǇ�ĚŝƐƉĂƌĂƚĞ�ƉƌŽƉĞƌƟĞƐ͕�ƐƵĐŚ�ĂƐ�Ă�ŵĞƚĂů�ĂŶĚ�

semiconductor to form a hybrid nanostructure, can produce 

ĐŽŵƉůĞƚĞůǇ�ŶĞǁ�ŽƉƟĐĂů�ĂŶĚ�ĞůĞĐƚƌŽŶŝĐ�ƉƌŽƉĞƌƟĞƐ�ƚŚĂƚ�

ŽƚŚĞƌǁŝƐĞ�ǁŽƵůĚ�ŶŽƚ�ďĞ�ƉŽƐƐŝďůĞ͘�

EĂŶŽƉŚŽƚŽŶŝĐƐ�ƌĞƐĞĂƌĐŚ�ŝŶǀŽůǀĞƐ�ĂĐƋƵŝƌŝŶŐ�Ă�ĚĞƚĂŝůĞĚ�

ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ƚŚĞ�ŝŶƚĞƌĂĐƟŽŶ�ŽĨ�ůŝŐŚƚ�ǁŝƚŚ�ŝƐŽůĂƚĞĚ�

ŶĂŶŽƐƚƌƵĐƚƵƌĞƐ͘�dŚƌŽƵŐŚ�ƚŚĞ�ƵƐĞ�ŽĨ�ĂĚǀĂŶĐĞĚ�

spectroscopies and microscopies, with an emphasis on 

ƵůƚƌĂĨĂƐƚ�ƟŵĞͲƌĞƐŽůƵƟŽŶ�ĞǆƉĞƌŝŵĞŶƚƐ͕��ƌŐŽŶŶĞ�ƌĞƐĞĂƌĐŚĞƌƐ�

ĐĂŶ�ƵŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ĐƌŝƟĐĂů�ĨĂĐƚŽƌƐ�ƚŚĂƚ�ŝŶŇƵĞŶĐĞ�ƚŚĞ�ŇŽǁ�ŽĨ�

ĞŶĞƌŐǇ�ĨŽůůŽǁŝŶŐ�ƉŚŽƚŽĞǆĐŝƚĂƟŽŶ͘�

hŶĚĞƌƐƚĂŶĚŝŶŐ͕�ŵĂŶĂŐŝŶŐ͕�ĂŶĚ�ƵƟůŝǌŝŶŐ�ĞŶĞƌŐǇ�ŇŽǁ�ǁŚĞŶ�

ůŝŐŚƚ�ŝŶƚĞƌĂĐƚƐ�ǁŝƚŚ�ƐŝŶŐůĞ�ŶĂŶŽƐƚƌƵĐƚƵƌĞƐ�ĂƌĞ�ĐƌŝƟĐĂů�ĨŽƌ�

ƚŚĞŶ�ĞǆƉůŽƌŝŶŐ�ƚŚĞ�ŽƉƟĐĂů�ďĞŚĂǀŝŽƌ�ŽĨ�ĐŽƵƉůĞĚ�ŚǇďƌŝĚ�

ŶĂŶŽƉĂƌƟĐůĞƐ͘�dŚĞ�ĂďŝůŝƚǇ�ƚŽ�ƌĞĂůŝǌĞ�ƚŚĞƐĞ�ŶĂŶŽƐƚƌƵĐƚƵƌĞƐ�

is at the limit of current technology due to the nanoscale 

ƐƉĂƟĂů�ƉƌĞĐŝƐŝŽŶ�ƚŚĂƚ�ŝƐ�ƌĞƋƵŝƌĞĚ͘�tĞ�ĂƌĞ�ƚŚƵƐ�ĚĞǀĞůŽƉŝŶŐ�

important new approaches to fabricate, characterize, and 

ŵĂŶŝƉƵůĂƚĞ�ŶĂŶŽƉĂƌƟĐůĞ�ŚǇďƌŝĚ�ƐƚƌƵĐƚƵƌĞƐ�ǁŝƚŚ�ĐŽŶƚƌŽůůĂďůĞ�

ŽƉƟĐĂů�ƉƌŽƉĞƌƟĞƐ͘�dŚŝƐ�ǁŝůů�ƉƌŽĚƵĐĞ�ŽƉƉŽƌƚƵŶŝƟĞƐ�ĨŽƌ�ŶĞǁ�

ĚĞǀĞůŽƉŵĞŶƚƐ͕�ƐƵĐŚ�ĂƐ�ƉŚŽƚŽŝŶĚƵĐĞĚ�ĐĂƚĂůǇƟĐ�ƉƌŽĐĞƐƐĞƐ͕�

ŶŽǀĞů�ƵůƚƌĂĨĂƐƚ�ŽƉƟĐĂů�ƐǁŝƚĐŚŝŶŐ�ŵĞĐŚĂŶŝƐŵƐ͕�ĂŶĚ�ĞŶĞƌŐǇ�

ĐŽŶǀĞƌƐŝŽŶ�ƉƌŽĐĞƐƐĞƐ͘

Research Activities

 � �ŶĞƌŐǇ�ĚŝƐƐŝƉĂƟŽŶ�ĂŶĚ�ƚƌĂŶƐĚƵĐƟŽŶ�ŝŶ�ŶĂŶŽƐƚƌƵĐƚƵƌĞƐ�

 � ,ǇďƌŝĚ�ŽƉƟĐĂů�ƐƚĂƚĞƐ�ŝŶ�ĐŽƵƉůĞĚ�ŶĂŶŽƉĂƌƟĐůĞ�ƐǇƐƚĞŵƐ

 � hŶĚĞƌƐƚĂŶĚŝŶŐ�ŽĨ�ůŝŐŚƚ�ŚĂƌǀĞƐƟŶŐ�ĂŶĚ�ĐŚĂƌŐĞ�ƐĞƉĂƌĂƟŽŶ�
in nanoscale systems

Key Capabilities

 � &ĞŵƚŽƐĞĐŽŶĚ�ƚŽ�ŵŝĐƌŽƐĞĐŽŶĚ�ƚƌĂŶƐŝĞŶƚ�ĂďƐŽƌƉƟŽŶ�
spectroscopy

 � Ultrafast photoluminescence spectroscopy and 

microscopy

 � �ŽŶĨŽĐĂů�ZĂŵĂŶ�ŵŝĐƌŽƐĐŽƉǇ�ĂŶĚ�ŵĂƉƉŝŶŐ

 � KƉƟĐĂůůǇͲĐŽƵƉůĞĚ�ƐĐĂŶŶŝŶŐ�ƉƌŽďĞ�ŵŝĐƌŽƐĐŽƉŝĞƐ

 � EĂŶŽƉŚŽƚŽŶŝĐƐ�ŶĂŶŽƉĂƌƟĐůĞ�ƐǇŶƚŚĞƐŝƐ�ůĂďŽƌĂƚŽƌǇ

 � ^ŝǌĞͲƐĞůĞĐƚĞĚ�ĐůƵƐƚĞƌƐ�ĂŶĚ�ĐůƵƐƚĞƌͲďĂƐĞĚ�ŶĂŶŽŵĂƚĞƌŝĂůƐ

dƌĂŶƐŵŝƐƐŝŽŶ�ĞůĞĐƚƌŽŶ�ŵŝĐƌŽƐĐŽƉǇ�ŝŵĂŐĞ�ŽĨ�ŚǇďƌŝĚ�ŶĂŶŽƉĂƌƟĐůĞƐ�
ĐŽŶƐŝƐƟŶŐ�ŽĨ�Ă�ƐŝůǀĞƌ�ĐŚůŽƌŝĚĞ�ĂŶĚ�ƉůĂƟŶƵŵ�ĐŽƌĞ�ĞŶĐĂƐĞĚ�ŝŶ�Ă�
ƐŚĞůů�ŽĨ�ƐŝůŝĐĂ͘�dŚĞ�ƐƵƌƌŽƵŶĚŝŶŐ�ƐŵĂůůĞƌ�ŶĂŶŽƉĂƌƟĐůĞƐ�ĂƌĞ�ŵĂĚĞ�
ŽĨ�ŵĞƐŽƉŽƌŽƵƐ�ƐŝůŝĐĂ͘�dŚĞƐĞ�ŶĂŶŽƐƚƌƵĐƚƵƌĞƐ�ĂƌĞ�ďĞŝŶŐ�ƐƚƵĚŝĞĚ�ĨŽƌ�
ĂĚǀĂŶĐĞĚ�ƉŚŽƚŽĐĂƚĂůǇƐŝƐ͘�
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Nanobio Interfaces

The Nanobio Interfaces Group seeks to develop and 

ƵƟůŝǌĞ�ŚǇďƌŝĚ�ŶĂŶŽŵĂƚĞƌŝĂůƐ�ƚŚĂƚ�ĂƌĞ�ŶŽƚ�ĨŽƵŶĚ�ŝŶ�ŶĂƚƵƌĞ͕�

ďƵƚ�ƚŚĂƚ�ĂƌĞ�ŝŶƐƉŝƌĞĚ�ďǇ�ŶĂƚƵƌĞ Ɛ͛�ƉƌŝŶĐŝƉůĞƐ͘�EĂƚƵƌĂů�

systems adopt a large degree of inhomogeneity and 

disorder to evolve and achieve resilience by harnessing 

ĞŶǀŝƌŽŶŵĞŶƚĂů�ŇƵĐƚƵĂƟŽŶƐ͘�/Ŷ�ĂŶĂůŽŐǇ�ƚŽ�ŶĂƚƵƌĞ͕�ŽƵƌ�ŐŽĂů�

ŝƐ�ƚŽ�ĐƌĞĂƚĞ�ĂƌƟĮĐŝĂů�ŵĂƚĞƌŝĂůƐ�ƚŚĂƚ�ĂĚĂƉƚ�ĂŶĚ�ĞǀŽůǀĞ�ĂƐ�

ƚŚĞǇ�ĂƌĞ�ĞǆƉŽƐĞĚ�ƚŽ�ƚŚĞ�ĞŶǀŝƌŽŶŵĞŶƚ͘�tŝƚŚ�ĂĚǀĂŶĐĞƐ�ŝŶ�

ƚŚĞ�ƐǇŶƚŚĞƐŝƐ�ŽĨ�ŶĂŶŽƐĐĂůĞ�ŵĂƚĞƌŝĂůƐ͕�ǁĞ�ĂƌĞ�ŝŶ�ƉŽƐŝƟŽŶ�

ƚŽ�ŝŶƚƌŽĚƵĐĞ�ƐƚƌƵĐƚƵƌĂů͕�ĐŽŵƉŽƐŝƟŽŶĂů͕�ĂŶĚ�ŝŶƚĞƌĨĂĐŝĂů�

inhomogeneity that assists materials to evolve and develop 

ĚĞƐŝƌĞĚ�ĨƵŶĐƟŽŶĂůŝƚǇ͘��Ǉ�ĐŽŶƚƌŽůůŝŶŐ�ƚŚĞ�ŽƌĚĞƌ�ŝŶ�ĞŶŐŝŶĞĞƌĞĚ�

ŶĂŶŽŵĂƚĞƌŝĂůƐ͕�ǁĞ�ĐĂŶ�ĐƌĞĂƚĞ�ďĞƩĞƌ�ƐŽůƵƟŽŶƐ�ĨŽƌ�ĐĂƚĂůǇƐŝƐ͕�

solar energy conversion, energy storage, and even cancer 

ƚŚĞƌĂƉŝĞƐ͘

/Ŷ�ƉƵƌƐƵŝŶŐ�ƚŚĞ�ĂďŽǀĞ�ŐŽĂů͕�ǁĞ�ƵƐĞ�ƉŚǇƐŝĐƐͲďĂƐĞĚ�

scaling laws, chemical control (precision), and biological 

ƐĞůĞĐƟǀŝƚǇ�ƚŽ�ĚĞǀĞůŽƉ�ƐƚƌƵĐƚƵƌĞƐ�ǁŝƚŚ�ĞŵĞƌŐĞŶƚ�ŵĂŐŶĞƟĐ͕�

ĞůĞĐƚƌŽŶŝĐ͕�ĂŶĚ�ŽƉƟĐĂů�ďĞŚĂǀŝŽƌ͘ �dŚĞ�ĂďŝůŝƚǇ�ƚŽ�ĐŽƌƌĞůĂƚĞ�ĂŶĚ�

ƐǇŶĐŚƌŽŶŝǌĞ�ŝŶƚĞƌĂĐƟŽŶƐ�ŽĨ�ŝŶĚŝǀŝĚƵĂů�ĐŽŶƐƟƚƵĞŶƚƐ�ĞŶĂďůĞƐ�

ƚŚĞ�ĚĞƐŝŐŶ�ŽĨ�ĂƚŽŵͲĞĸĐŝĞŶƚ�ĐĂƚĂůǇƐƚƐ�ĂŶĚ�ƉŚŽƚŽĐĂƚĂůǇƐƚƐ�

ǁŝƚŚ�ŚŝŐŚ�ƐĞůĞĐƟǀŝƚǇ�ĂŶĚ�ĂĐƟǀŝƚǇ͕ �ĂƐ�ǁĞůů�ĂƐ�ĞůĞĐƚƌŽĐŚĞŵŝĐĂů�

ŵĂƚĞƌŝĂůƐ�ǁŝƚŚ�ĞǆƋƵŝƐŝƚĞůǇ�ĐŽŶƚƌŽůůĞĚ�ŝŽŶ�ĂŶĚ�ĞůĞĐƚƌŽŶ�

ƚƌĂŶƐƉŽƌƚ�ƉƌŽƉĞƌƟĞƐ͘�^ƟŵƵůŝͲƌĞƐƉŽŶƐŝǀĞ�ďŝŽŚǇďƌŝĚ�

materials, guided by the same principles, will provide highly 

ƐĞůĞĐƟǀĞ�ĂŶĚ�ĞĸĐŝĞŶƚ�ĂĚǀĂŶĐĞĚ�ŵĞĚŝĐĂů�ƚŚĞƌĂƉŝĞƐ͘

Research Activities

 � Hybrid Systems�ʹ�ƚŽ�ďƵŝůĚ�ŶĞǁ�ĨŽƌŵƐ�ŽĨ�ŵĂƩĞƌ�ǁŝƚŚ�
ƚĂŝůŽƌĞĚ�ĨƵŶĐƟŽŶĂůŝƟĞƐ͘��ŚĞŵŝĐĂů�ƐǇŶƚŚĞƟĐ�ŵĞƚŚŽĚƐ�ĂƌĞ�
ĞŵƉůŽǇĞĚ�ƚŽ�ĐŽĂǆ�ĂƚŽŵƐ�ŝŶƚŽ�ŶĞǁ�ƐƉĂƟĂů�ĂƌƌĂŶŐĞŵĞŶƚƐ�
ƚŚĂƚ�ŝŵƉƌŽǀĞ�ĞŶĞƌŐǇ�ƚƌĂŶƐƉŽƌƚ͕�ĐŚĂƌŐĞ�ƐĞƉĂƌĂƟŽŶ͕�ĂŶĚ�
ĐŚĞŵŝĐĂů�ƌĞĂĐƟǀŝƚǇ͘

 � sŝƐƵĂůŝǌĂƟŽŶ�ŽĨ�ŶĂŶŽƉĂƌƟĐůĞ�ŝŶƚĞƌĂĐƟŽŶƐ – to 

understand, predict, and design physical and chemical 

ŝŶƚĞƌĂĐƟŽŶƐ�ƚŚĂƚ�ůĞĂĚ�ƚŽ�ŚŝĞƌĂƌĐŚŝĐĂů�ĂƌĐŚŝƚĞĐƚƵƌĞƐ�
ĐĂƉĂďůĞ�ŽĨ�ĞŶĞƌŐǇ�ƚƌĂŶƐĚƵĐƟŽŶ͘

 � �ǀŽůƵƟŽŶ�ŽĨ�ŶĂŶŽƐƚƌƵĐƚƵƌĞƐ�ƵŶĚĞƌ�ĞǆƚĞƌŶĂů�ƐƟŵƵůŝ 
– to understand dynamic mechanisms of material 

ƚƌĂŶƐĨŽƌŵĂƟŽŶ�ƚŽ�ĂĐŚŝĞǀĞ�ĐŽƌƌĞůĂƚĞĚ�;ƐǇŶĐŚƌŽŶŝǌĞĚͿ�
ŝŶƚĞƌĂĐƟŽŶƐ�ŽĨ�ŝŶĚŝǀŝĚƵĂů�ĐŽŶƐƟƚƵĞŶƚƐ�ƚŚĂƚ�ƌĞŐƵůĂƚĞ�
ĞŶĞƌŐǇ�ĂŶĚ�ŝŶĨŽƌŵĂƟŽŶ�ƚƌĂŶƐĚƵĐƟŽŶ�ŽŶ�ƚŚĞ�ŶĂŶŽƐĐĂůĞ͘�

Key Capabilities

 � ^ƉĞĐŝĂůŝǌĞĚ�ƐǇŶƚŚĞƐŝƐ�ŽĨ�ŚŝŐŚͲƋƵĂůŝƚǇ�ŵĞƚĂůůŝĐ͕�
ƐĞŵŝĐŽŶĚƵĐƚŽƌ͕ �ĂŶĚ�ŵĞƚĂů�ŽǆŝĚĞ�ŶĂŶŽƉĂƌƟĐůĞƐ͖�
ďŝŽŵŽůĞĐƵůĞ͕�ŝŶŽƌŐĂŶŝĐ͕�ĂŶĚ�ďŝŽͲŝŶŽƌŐĂŶŝĐ�ĐŽŵƉŽƐŝƚĞƐ͖�
ĂŶĚ�ƐĞůĨͲĂƐƐĞŵďůĞĚ�ŚŝĞƌĂƌĐŚŝĐĂů�ŶĂŶŽĂƌĐŚŝƚĞĐƚƵƌĞƐ

 � �ĂƚĂůǇƐŝƐ�ĂŶĚ�ƉŚŽƚŽͲŝŶŝƟĂƚĞĚ�ĐĂƚĂůǇƐŝƐ�ŝŶ�ŚǇďƌŝĚ�ŽƌŐĂŶŝĐͲ
ŝŶŽƌŐĂŶŝĐ�ĂŶĚ�ďŝŽŵŽůĞĐƵůĞͲŝŶŽƌŐĂŶŝĐ�ŵĂƚĞƌŝĂůƐ

 � �ůĞĐƚƌŽĐŚĞŵŝĐĂů�ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�ŶĂŶŽŵĂƚĞƌŝĂůƐ�
relevant for energy conversion and storage

 � /ŵĂŐŝŶŐ�ŽĨ�ĚǇŶĂŵŝĐ�ƉƌŽĐĞƐƐĞƐ�ƵƐŝŶŐ�ŚŝŐŚͲƌĞƐŽůƵƟŽŶ�
transmission electron microscopy, electron 

ƉĂƌĂŵĂŐŶĞƟĐ�ƌĞƐŽŶĂŶĐĞ͕�ĂŶĚ�ůĂƐĞƌ�ƐĐĂŶŶŝŶŐ�ĐŽŶĨŽĐĂů�
ŽƉƟĐĂů�ŵŝĐƌŽƐĐŽƉǇ�

 � �ŶĂůǇƐŝƐ�ŽĨ�ŶĂŶŽŵĂƚĞƌŝĂůƐ�ƵƐŝŶŐ�ĮĞůĚ�ĞŵŝƐƐŝŽŶ�ƐĐĂŶŶŝŶŐ�
electron microscopy and transmission electron 

microscopy

 � �ŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ŽĨ�ĐĂƚĂůǇƟĐ�ĂŶĚ�ƉŚŽƚŽĐĂƚĂůǇƟĐ�
ƉƌŽƉĞƌƟĞƐ�ŽĨ�ŶĂŶŽŵĂƚĞƌŝĂůƐ�ƵƐŝŶŐ�ŐĂƐ�ĐŚƌŽŵĂƚŽŐƌĂƉŚǇ�
coupled to mass spectrometry

/ŶƚĞƌĨĂĐĞ�ŽĨ�Ă�ƐĞůĨͲĂƐƐĞŵďůĞĚ�ĂƌƌĂǇ�ŽĨ�ƉĞƉƟĚĞͬ�Ŷ�ƉŽƌƉŚǇƌŝŶͬƟƚĂŶŝĂ�
ŵŝĐĞůůĞ�ĐĂƉĂďůĞ�ŽĨ�ƉŚŽƚŽͲŝŶŝƟĂƚĞĚ�ĐŚĂƌŐĞ�ƐĞƉĂƌĂƟŽŶ�ǁŝƚŚ�ƉŽƐƐŝďůĞ�
ƉŚŽƚŽǀŽůƚĂŝĐ�ĂƉƉůŝĐĂƟŽŶƐ͘
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Research Areas

Theory and Modeling

tŚŝůĞ�ƚŚĞŽƌǇ�ĂŶĚ�ŵŽĚĞůŝŶŐ�ĂƌĞ�ĞƐƐĞŶƟĂů�ƚŽ�ŵŽƐƚ�ƐĐŝĞŶƟĮĐ�

endeavors, they are especially relevant and necessary for 

ŶĂŶŽƐĐŝĞŶĐĞ͘�dŚŝƐ�ŝƐ�ďĞĐĂƵƐĞ�ŽĨ�ƚŚĞ�ǁĞĂůƚŚ�ŽĨ�ŝŶĨŽƌŵĂƟŽŶ�

ĂŶĚ�ĞǆĐŝƟŶŐ�ƉŽƐƐŝďŝůŝƟĞƐ�ƚŚĂƚ�ĐŽŶƟŶƵĞ�ƚŽ�ďĞ�ƉƌŽǀŝĚĞĚ�ďǇ�

ƚŚĞ�ŵĂŶǇ�ĞǆƉĞƌŝŵĞŶƚĂů�ĂĚǀĂŶĐĞƐ�ŝŶ�ƚŚĞ�ĮĞůĚ͘�dŚĞ�dŚĞŽƌǇ�

ĂŶĚ�DŽĚĞůŝŶŐ�'ƌŽƵƉ�ĚĞǀĞůŽƉƐ�ĂŶĚ�ĂƉƉůŝĞƐ�ƚŚĞŽƌĞƟĐĂů�

ŵĞƚŚŽĚƐ�ƚŽ�ďĞƩĞƌ�ƵŶĚĞƌƐƚĂŶĚ�ƚŚĞ�ŝŶƚĞƌƌĞůĂƟŽŶƐŚŝƉ�

ďĞƚǁĞĞŶ�ƚŚĞŽƌǇ�ĂŶĚ�ĞǆƉĞƌŝŵĞŶƚ͘�ZĞĐŽŐŶŝǌŝŶŐ�ƚŚĂƚ�ĞŶĞƌŐǇ�

ĂŶĚ�ŝŶĨŽƌŵĂƟŽŶ�ƚƌĂŶƐĚƵĐƟŽŶ�ŽĐĐƵƌ�ǀŝĂ�ŵĂŶǇ�ĐŽŶĚƵŝƚƐ�;ĨŽƌ�

example, electrons and ions, atoms and phonons, photons 

ĂŶĚ�ƉůĂƐŵŽŶƐͿ͕�ǁĞ�ŽƌŐĂŶŝǌĞ�ŽƵƌ�ĞīŽƌƚƐ�ŝŶƚŽ�ƚŚĞ�ĨŽůůŽǁŝŶŐ�

ĂƌĞĂƐ͕�ǁŚŝĐŚ�ǁĞ�ĂƌĞ�ĞƐƉĞĐŝĂůůǇ�ǁĞůůͲƉŽƐŝƟŽŶĞĚ�ƚŽ�ƐƚƵĚǇ͘�

DŽůĞĐƵůĂƌ�ĐŽŶǀĞƌƐŝŽŶ�ĂŶĚ�ƚƌĂŶƐƉŽƌƚ�Ăƚ�ŝŶƚĞƌĨĂĐĞƐ͗�KƵƌ�ĮƌƐƚ�
ŐŽĂů�ŝƐ�ƚŽ�ƵŶĚĞƌƐƚĂŶĚ�ĞŶĞƌŐǇ�ĂŶĚ�ŝŶĨŽƌŵĂƟŽŶ�ƚƌĂŶƐĚƵĐƟŽŶ�

through movements of electrons and ions at nanoscale 

ŝŶƚĞƌĨĂĐĞƐ͘�hŶĚĞƌƐƚĂŶĚŝŶŐ�ŝŶƚĞƌĨĂĐĞ�ƉŚǇƐŝĐƐ�ĂŶĚ�ĐŚĞŵŝƐƚƌǇ�

;ŝŶĐůƵĚŝŶŐ�ŶĂŶŽƉĂƌƟĐůĞ�ĐĂƚĂůǇƐŝƐ͕�ŽǆŝĚĞ�ŐƌŽǁƚŚ͕�ŝŽŶŝĐ�

transport on and across interfaces, hydrophobic and 

ŚǇĚƌŽƉŚŝůŝĐ�ŝŶƚĞƌĂĐƟŽŶƐ͕�ĂŶĚ�ŶƵŵĞƌŽƵƐ�ŽƚŚĞƌ�ƉŚĞŶŽŵĞŶĂͿ�

ŝƐ�ŬĞǇ�ƚŽ�ƚŚĞ�ƐƵĐĐĞƐƐĨƵů�ĞǆƉůŽŝƚĂƟŽŶ�ŽĨ�Ă�ǁŝĚĞ�ǀĂƌŝĞƚǇ�ŽĨ�

ŶĂŶŽƐĐĂůĞ�ŵĂƚĞƌŝĂůƐ�ĂŶĚ�ĚĞǀŝĐĞƐ͘�

�ƚŽŵŝƐƟĐ�ŽƌŝŐŝŶƐ�ŽĨ�ƚŚĞ�ƉŚǇƐŝĐĂů�ƉƌŽƉĞƌƟĞƐ�ŽĨ�ŶĂŶŽƐĐĂůĞ�
ŵĂƚĞƌŝĂů͗�tĞ�ĂůƐŽ�ĨŽĐƵƐ�ŽŶ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ƚŚĞ�ĞīĞĐƚƐ�ƚŚĂƚ�

ĂƚŽŵŝƐƟĐ�ĂƌƌĂŶŐĞŵĞŶƚƐ�ŚĂǀĞ�ŽŶ�ŵĞĂƐƵƌĂďůĞ�ƉŚǇƐŝĐĂů�

ƋƵĂŶƟƟĞƐ�ŝŶ�ƚŚĞ�ŶĂŶŽƐĐĂůĞ�;ŝ͘Ğ͕͘�ƚŚĞ�ƌŽůĞ�ŽĨ�ĂƚŽŵƐ�ĂŶĚ�

ƉŚŽŶŽŶƐͿ͘�EĂŶŽƐĐĂůĞ�ŵĂƚĞƌŝĂůƐ�ĐĂŶ�ĞǆŚŝďŝƚ�ǀĞƌǇ�ĚŝīĞƌĞŶƚ�

ƉŚǇƐŝĐĂů�ƉƌŽƉĞƌƟĞƐ͕�ƐƵĐŚ�ĂƐ�ƚŚĞƌŵĂů�ĐŽŶĚƵĐƟǀŝƚǇ͕ �ƉŚĂƐĞ�

ƚƌĂŶƐŝƟŽŶƐ͕�ĂŶĚ�ƚƌŝďŽůŽŐŝĐĂů�ĂŶĚ�ŵĞĐŚĂŶŝĐĂů�ƉƌŽƉĞƌƟĞƐ͕�

ĨƌŽŵ�ƚŚĞŝƌ�ďƵůŬ�ĐŽƵŶƚĞƌƉĂƌƚƐ͘�

KƉƟĐĂů�ĂŶĚ�ƉůĂƐŵŽŶŝĐ�ƉŚĞŶŽŵĞŶĂ�ŝŶ�ŶĂŶŽƐĐĂůĞ�ŵĂƚĞƌŝĂůƐ�
ĂŶĚ�ĚĞǀŝĐĞƐ͗�&ŝŶĂůůǇ͕ �ǁĞ�ĂƌĞ�ĞǆƉůŽƌŝŶŐ�ĞŶĞƌŐǇ�ĂŶĚ�
ŝŶĨŽƌŵĂƟŽŶ�ƚƌĂŶƐĚƵĐƟŽŶ�ƉƌŽĐĞƐƐĞƐ�ŝŶǀŽůǀŝŶŐ�ƉŚŽƚŽŶƐ�ĂŶĚ�

ƉůĂƐŵŽŶƐ͘�dŚĞ�ĚŝŵĞŶƐŝŽŶƐ�ŽĨ�ŵĞƚĂů�ŶĂŶŽƉĂƌƟĐůĞƐ�ĂƌĞ�ƐƵĐŚ�

ƚŚĂƚ͕�ĞǀĞŶ�Ăƚ�Ă�ĐůĂƐƐŝĐĂů�ůĞǀĞů͕�ƐƵďͲǁĂǀĞůĞŶŐƚŚ�ĨŽĐƵƐŝŶŐ�

ĂŶĚ�ŽƚŚĞƌ�ŶŽǀĞů�ŽƉƟĐĂů�ƉŚĞŶŽŵĞŶĂ�ĐĂŶ�ŽĐĐƵƌ͘ ��Ɛ�ĞǀĞƌͲ

smaller components are considered in nanoscale materials 

ĂŶĚ�ĚĞǀŝĐĞƐ͕�ƋƵĂŶƚƵŵ�ŵĞĐŚĂŶŝĐĂů�ĞīĞĐƚƐ�ĐĂŶ�ďĞĐŽŵĞ�

important, such as in the case of hybrid plasmonic materials 

ƚŚĂƚ�ŝŶĐůƵĚĞ�ƐĞŵŝĐŽŶĚƵĐƚŽƌ�ƋƵĂŶƚƵŵ�ĚŽƚƐ͘�

Research Activities 

 � �ůĞĐƚƌŽŶŝĐ�ƐƚƌƵĐƚƵƌĞ�ĐĂůĐƵůĂƟŽŶƐ�ŽĨ�ĐĂƚĂůǇƐŝƐ�ďǇ�
ŶĂŶŽƉĂƌƟĐůĞƐ�ĂŶĚ�ŽƚŚĞƌ�ŶĂŶŽŵĂƚĞƌŝĂůƐ�ĨŽƌ�ĞŶĞƌŐǇ�
ĂƉƉůŝĐĂƟŽŶƐ͕�ŝŶĐůƵĚŝŶŐ�ĞŶĞƌŐǇ�ƐƚŽƌĂŐĞ͕�ĐĂƚĂůǇƐŝƐ͕�
ƉŚŽƚŽǀŽůƚĂŝĐƐ͕�ĂŶĚ�ƚŚĞƌŵŽĞůĞĐƚƌŝĐƐ͘

 � �ƚŽŵŝƐƟĐ�ƐƚƵĚŝĞƐ�ŽĨ�ŽǆŝĚĞ�ĨŽƌŵĂƟŽŶ͕�ƚƌĂŶƐƉŽƌƚ͕�ĂŶĚ�
nanotribology

 � �ůĞĐƚƌŽĚǇŶĂŵŝĐƐ�ŵŽĚĞůŝŶŐ�ŽĨ�ůŝŐŚƚ�ŝŶƚĞƌĂĐƟŽŶƐ�ǁŝƚŚ�
nanostructures

 � DĞƚŚŽĚƐ�ĂŶĚ�ƐŽŌǁĂƌĞ�ĚĞǀĞůŽƉŵĞŶƚ͕�ŝŶĐůƵĚŝŶŐ�
ŵƵůƟƐĐĂůĞ�ĂƉƉƌŽĂĐŚĞƐ�ƚŽ�ĂƐƐĞŵďůǇ

 Key Capabilities 

 � ,ŝŐŚͲƉĞƌĨŽƌŵĂŶĐĞ�ĐŽŵƉƵƟŶŐ�ĐůƵƐƚĞƌ�;ϮϴϬϬ�ĐŽƌĞƐ͕�
ϯϬ�d&ůŽƉƐͿ�ĂŶĚ�ĚĞǀĞůŽƉŵĞŶƚ�ƚŽŽůƐ�;'Eh͕�ŝŶƚĞů�ĐŽŵƉŝůĞƌƐ͕�
math libraries)

 � �ůĞĐƚƌŽŶŝĐ�ƐƚƌƵĐƚƵƌĞ�;ŝŶĐůƵĚŝŶŐ��ĂĐĂƉŽ͕�'W�t͕�^ŝĞƐƚĂ͕�
s�^W͕ �YͲ�ŚĞŵͿ�ĂŶĚ�ŵŽůĞĐƵůĂƌ�ĚǇŶĂŵŝĐƐ�;ŝŶĐůƵĚŝŶŐ�
>�DDW^�ĂŶĚ�E�D�Ϳ�ƐŽŌǁĂƌĞ

 � �ůĞĐƚƌŽĚǇŶĂŵŝĐƐ�ƐŽŌǁĂƌĞ�;ŝŶĐůƵĚŝŶŐ�D��W�ĂŶĚ�
>ƵŵĞƌŝĐĂůͿ�ĂŶĚ�ƐƉĞĐŝĂůŝǌĞĚ�ƐŽŌǁĂƌĞ�ĚĞǀĞůŽƉĞĚ�ďǇ�ŐƌŽƵƉ�
members

�ŽŵƉƵƚĂƟŽŶĂů�ƐŝŵƵůĂƟŽŶƐ�ĞůƵĐŝĚĂƚĞ�ƚŚĞ�ŽƌŝŐŝŶ�ŽĨ�ĞǆƚƌĂŽƌĚŝŶĂƌǇ�
ǁĞĂƌ�ƌĞƐŝƐƚĂŶĐĞ�ŽĨ�ŽŶĞͲĂƚŽŵͲƚŚŝĐŬ�ŐƌĂƉŚĞŶĞ�ĐŽĂƟŶŐƐ͘�ZĞĂĐƟǀĞ�
ŵŽůĞĐƵůĂƌ�ĚǇŶĂŵŝĐƐ�ƐŝŵƵůĂƟŽŶƐ�ƐŚŽǁ�ƚŚĂƚ�ŚǇĚƌŽŐĞŶ�;ƐŚŽǁŶ�
ŝŶ�ŐƌĞĞŶͿ�ƉĂƐƐŝǀĂƟŽŶ�ŽĨ�ƚŚĞ�ĚĂŶŐůŝŶŐ�ďŽŶĚƐ�ŝŶ�Ă�ƌƵƉƚƵƌĞĚ�
ŐƌĂƉŚĞŶĞ�;ƐŚŽǁŶ�ŝŶ�ƚĂŶͿ�ůĞĂĚƐ�ƚŽ�ƐŝŐŶŝĮĐĂŶƚ�ŝŵƉƌŽǀĞŵĞŶƚ�ŝŶ�ƚŚĞ�
ƐƚĂďŝůŝƚǇ�ĂŶĚ�ůŝĨĞƟŵĞ�ŽĨ�ƚŚĞ�ŐƌĂƉŚĞŶĞ�ƉƌŽƚĞĐƟŽŶ�ůĂǇĞƌ͘ �dƵŶŝŶŐ�
ƚŚĞ�ĂƚŽŵŝƐƟĐͲƐĐĂůĞ�ĐŚĞŵŝĐĂů�ŝŶƚĞƌĂĐƟŽŶƐƚ�ŵĂǇ�ŚŽůĚ�ƚŚĞ�ƉƌŽŵŝƐĞ�
ŽĨ�ƌĞĂůŝǌŝŶŐ�ĞǆƚƌĂŽƌĚŝŶĂƌǇ�ƚƌŝďŽůŽŐŝĐĂů�ƉƌŽƉĞƌƟĞƐ�ŽĨ�ŵŽŶŽůĂǇĞƌ�
ŐƌĂƉŚĞŶĞ�ĐŽĂƟŶŐƐ͘
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Electron Microscopy Center

The Electron Microscopy Center (EMC) develops 

ĂŶĚ�ŵĂŝŶƚĂŝŶƐ�ƵŶŝƋƵĞ�ĐĂƉĂďŝůŝƟĞƐ�ĨŽƌ�ĞůĞĐƚƌŽŶ�ďĞĂŵ�

ĐŚĂƌĂĐƚĞƌŝǌĂƟŽŶ�ĂŶĚ�ĂƉƉůŝĞƐ�ƚŚŽƐĞ�ĐĂƉĂďŝůŝƟĞƐ�ƚŽ�ƐŽůǀĞ�

ŵĂƚĞƌŝĂůƐ�ĐŚĂůůĞŶŐĞƐ͘�dŚĞ��D��ĞŵƉŚĂƐŝǌĞƐ�ƚŚƌĞĞ�ŵĂũŽƌ�

ĂƌĞĂƐ͗�ŵĂƚĞƌŝĂůƐ�ƌĞƐĞĂƌĐŚ͕�ĞǆƉĞƌŝŵĞŶƚĂů�ƚĞĐŚŶŝƋƵĞ�ĂŶĚ�

ŝŶƐƚƌƵŵĞŶƚĂƟŽŶ�ĚĞǀĞůŽƉŵĞŶƚ͕�ĂŶĚ�ŽƉĞƌĂƟŽŶ�ŽĨ�ƵŶŝƋƵĞ�ĂŶĚ�

ƐƚĂƚĞͲŽĨͲƚŚĞͲĂƌƚ�ŝŶƐƚƌƵŵĞŶƚĂƟŽŶ͘�

The goals of the materials research are closely aligned with 

ƚŚŽƐĞ�ŽĨ�ŽƵƌ�ƵƐĞƌ�ĐŽŵŵƵŶŝƚǇ͘�dŽ�ĂĐŚŝĞǀĞ�ƚŚŽƐĞ�ĂŝŵƐ͕�ƚŚĞ�

�D��ŽīĞƌƐ�ƵŶŝƋƵĞ�ĐĂƉĂďŝůŝƟĞƐ�ĂŶĚ�ĞǆƉĞƌƟƐĞ�ŝŶ�ŝŵĂŐŝŶŐ�

ĂŶĚ�ƐƉĞĐƚƌŽƐĐŽƉǇ͕ �ǁŝƚŚ�ƉĂƌƟĐƵůĂƌ�ĞŵƉŚĂƐŝƐ�ŽŶ�ĂŶĂůǇƐŝƐ�ŽĨ�

ĐŽŵƉůĞǆ�ŽǆŝĚĞƐ�ĂŶĚ�ĞŶĞƌŐǇͲƌĞůĂƚĞĚ�ŵĂƚĞƌŝĂůƐ͘�ZĞƐĞĂƌĐŚ�ƚŽ�

ĚĞǀĞůŽƉ�ŶĞǁ�ĐĂƉĂďŝůŝƟĞƐ�ĨŽĐƵƐĞƐ�ŽŶ�ĞŶŚĂŶĐŝŶŐ�ĚĞƚĞĐƟŽŶ�

ĞĸĐŝĞŶĐǇ�ĨŽƌ�ĞůĞĐƚƌŽŶ�ďĞĂŵ�ƐƉĞĐƚƌŽƐĐŽƉŝĞƐ�ĂŶĚ�ĚĞǀĞůŽƉŝŶŐ�

in situ and operando�ŵŝĐƌŽƐĐŽƉǇ͘�KŶĞ�ŽĨ�ƚŚĞ�ƐŝŐŶĂƚƵƌĞ�

ĐĂƉĂďŝůŝƟĞƐ�ŝŶ�ƚŚĞ��D��ŝƐ�Ă�ĐŚƌŽŵĂƟĐ�ĂďĞƌƌĂƟŽŶͲĐŽƌƌĞĐƚĞĚ�

transmission electron microscope, one of only three such 

ŝŶƐƚƌƵŵĞŶƚƐ�ĐƵƌƌĞŶƚůǇ�ŽƉĞƌĂƟŶŐ�ǁŽƌůĚǁŝĚĞ͘�

^ƚĂƚĞͲŽĨͲƚŚĞͲĂƌƚ�ƐƵƉƉŽƌƚ�ĨĂĐŝůŝƟĞƐ�ĂƌĞ�ĂůƐŽ�ĂǀĂŝůĂďůĞ͘�

^ƉĞĐŝŵĞŶ�ƉƌĞƉĂƌĂƟŽŶ�ŝƐ�ĂŶ�ŝŵƉŽƌƚĂŶƚ�ƉĂƌƚ�ŽĨ�ĞůĞĐƚƌŽŶ�

microscopy, and EMC thus has an array of standard 

ƐƉĞĐŝŵĞŶ�ƉƌĞƉĂƌĂƟŽŶ�ĨĂĐŝůŝƟĞƐ͘�/Ŷ�ĂĚĚŝƟŽŶ͕�ĂŶ�/ŵĂŐĞ�

�ŶĂůǇƐŝƐ�>ĂďŽƌĂƚŽƌǇ�ƉƌŽǀŝĚĞƐ�ƌĞƐŽƵƌĐĞƐ�ĨŽƌ�ŝŵĂŐĞ�

ƉƌŽĐĞƐƐŝŶŐ�ĂŶĚ�ĂŶĂůǇƐŝƐ͘�dŚĞ�ůĂďŽƌĂƚŽƌǇ�ŝŶĐůƵĚĞƐ�ĐŽŵƉƵƚĞƌƐ�

ĂŶĚ�ǁŽƌŬƐƚĂƟŽŶƐ�ǁŝƚŚ�ĐŽŵŵĞƌĐŝĂů�ƐŽŌǁĂƌĞ�ĨŽƌ�ŝŵĂŐĞ�

ƐŝŵƵůĂƟŽŶ͕�ŵŽĚĞůŝŶŐ͕�ŵĂŶŝƉƵůĂƟŽŶ͕�ĂŶĚ�ĂŶĂůǇƐŝƐ�ƚŽŐĞƚŚĞƌ�

ǁŝƚŚ�ŝŶƉƵƚ�ĂŶĚ�ŽƵƚƉƵƚ�ĚĞǀŝĐĞƐ�ĨŽƌ�ŝŵĂŐĞ�ŚĂŶĚůŝŶŐ͘

Key Capabilities

 � �ƌŐŽŶŶĞ��ŚƌŽŵĂƟĐ��ďĞƌƌĂƟŽŶͲĐŽƌƌĞĐƚĞĚ�d�D�;���dͿ͗�
This transmission electron microscope (TEM) has 

a corrector on the imaging side of the column that 

ĐŽƌƌĞĐƚƐ�ďŽƚŚ�ƐƉŚĞƌŝĐĂů�ĂŶĚ�ĐŚƌŽŵĂƟĐ�ĂďĞƌƌĂƟŽŶƐ͘�dŚĞ�
ĐŽƌƌĞĐƚŽƌ�ĂůƐŽ�ƉƌŽǀŝĚĞƐ�ŐƌĞĂƚůǇ�ŝŵƉƌŽǀĞĚ�ƌĞƐŽůƵƟŽŶ�ĂŶĚ�
ƐŝŐŶĂů�ĨŽƌ�ĞŶĞƌŐǇ�ĮůƚĞƌĞĚ�ŝŵĂŐŝŶŐ�ĂŶĚ�ĞůĞĐƚƌŽŶ�ĞŶĞƌŐǇͲ
ůŽƐƐ�ƐƉĞĐƚƌŽƐĐŽƉǇ͘�

 � &�/�dĞĐŶĂŝ�&ϮϬ^d�d�Dͬ^d�D͗�dŚŝƐ�ƉƌĞŵŝĞƌ�ĂŶĂůǇƟĐĂů�
transmission electron microscope has specialized 

ĂĐĐĞƐƐŽƌŝĞƐ�ƚŚĂƚ�ŝŶĐůƵĚĞ�ĂŶ�yͲƌĂǇ�ĞŶĞƌŐǇͲĚŝƐƉĞƌƐŝǀĞ�
ƐƉĞĐƚƌŽŵĞƚĞƌ�;y��^Ϳ͕�Ă�ƌŽƚĂƚĂďůĞ�ďŝƉƌŝƐŵ�ĨŽƌ�ĞůĞĐƚƌŽŶ�
ŚŽůŽŐƌĂƉŚǇ͕ �ĂŶĚ�Ă�ƉŽƐƚͲĐŽůƵŵŶ�ĞůĞĐƚƌŽŶ�ĮůƚĞƌ�ĨŽƌ�ďŽƚŚ�
ĞůĞĐƚƌŽŶ�ĞŶĞƌŐǇͲůŽƐƐ�ƐƉĞĐƚƌŽƐĐŽƉǇ�;��>^Ϳ�ĂŶĚ�ĞŶĞƌŐǇͲ
ĮůƚĞƌĞĚ�ŝŵĂŐŝŶŐ͘�dŚĞ�ƐĐĂŶŶŝŶŐ�ƚƌĂŶƐŵŝƐƐŝŽŶ�ĞůĞĐƚƌŽŶ�
ŵŝĐƌŽƐĐŽƉǇ�;^d�DͿ�ĐĂƉĂďŝůŝƚǇ�ĞŶĂďůĞƐ�ŚŝŐŚͲĂŶŐůĞ�
ĂŶŶƵůĂƌ�ĚĂƌŬ�ĮĞůĚ�ŝŵĂŐŝŶŐ�ĂŶĚ�y��^ͬ��>^�ƐƉĞĐƚƌƵŵ�
ŝŵĂŐŝŶŐ͕�ĂŵŽŶŐ�ŽƚŚĞƌƐ͘�^ƉĞĐŝŵĞŶ�ĐŽŽůŝŶŐ�ĂŶĚ�ŚĞĂƟŶŐ�
ŚŽůĚĞƌƐ�ĂƌĞ�ĂǀĂŝůĂďůĞ͘

 � �ĞŝƐƐ�ϭϱϰϬy��&/�Ͳ^�D͗�dŚŝƐ�ƉůĂƞŽƌŵ�ĂĐĐŽŵŵŽĚĂƚĞƐ�
ƐŝƚĞͲƐƉĞĐŝĮĐ�d�D�ƐĂŵƉůĞ�ƉƌĞƉĂƌĂƟŽŶ͕�ϯ��ĚĂƚĂ�
ĂĐƋƵŝƐŝƟŽŶ͕�ŶĂŶŽĨĂďƌŝĐĂƟŽŶ�ĂŶĚ�ŵĂŶŝƉƵůĂƟŽŶ͕�ĂŶĚ�
ŽƚŚĞƌ�ĂĚǀĂŶĐĞĚ�ƵƐĞƐ͘�^ŝŵƵůƚĂŶĞŽƵƐ�ĞůĞĐƚƌŽŶ�ĂŶĚ�
ŝŽŶ�ƐĐĂŶŶŝŶŐ�ŽīĞƌƐ�ƵŶŝƋƵĞ�ŝŵĂŐŝŶŐ�ĂŶĚ�ĨĂďƌŝĐĂƟŽŶ�
ŽƉƉŽƌƚƵŶŝƟĞƐ͘

Core Instruments

 � �ŶĂůǇƟĐĂů�ƚƌĂŶƐŵŝƐƐŝŽŶ�ĞůĞĐƚƌŽŶ�ŵŝĐƌŽƐĐŽƉĞ�;&�/��DϯϬdͿ

 � ,ŝŐŚͲƌĞƐŽůƵƟŽŶ͕�ŚŝŐŚͲǀĂĐƵƵŵ�ƐĐĂŶŶŝŶŐ�ĞůĞĐƚƌŽŶ�
ŵŝĐƌŽƐĐŽƉĞ�;,ŝƚĂĐŚŝ�^ͲϰϳϬϬͲ//Ϳ

 � ,ŝŐŚͲƌĞƐŽůƵƟŽŶ�ĞŶǀŝƌŽŶŵĞŶƚĂů�ĂŶĚ�ǀĂƌŝĂďůĞͲƉƌĞƐƐƵƌĞ�
ƐĐĂŶŶŝŶŐ�ĞůĞĐƚƌŽŶ�ŵŝĐƌŽƐĐŽƉĞ�;&�/�YƵĂŶƚĂ�ϰϬϬ&Ϳ

^ĐĂŶŶŝŶŐ�ĞůĞĐƚƌŽŶ�ŵŝĐƌŽƐĐŽƉǇ�ŝŵĂŐĞ�ŽĨ�ŐƌĂƉŚĞŶĞͲĨŽƌŵŝŶŐ�ĐƌǇƐƚĂůƐ�
ǁŚĞŶ�ŐƌŽǁŶ�ŽŶ�ĐŽƉƉĞƌ͖�ƚŚŝƐ�͞ƐŶŽǁŇĂŬĞ͟�ŝƐ�ĂďŽƵƚ�ϳϱ�ŵŝĐƌŽŵĞƚĞƌƐ�
ŝŶ�ƐŝǌĞ͘
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Cleanroom Nanofabrication Facilities

The CNM’s ability to fabricate complex nanostructures 

and devices is based on the advanced tool set housed 

ǁŝƚŚŝŶ�ƚŚĞ�ĐůĞĂŶ�ƌŽŽŵ�ŽĨ�ƚŚĞ�EĂŶŽĨĂďƌŝĐĂƟŽŶ�ĂŶĚ��ĞǀŝĐĞƐ�

'ƌŽƵƉ͘�dŚĞ�ĐůĞĂŶ�ƌŽŽŵ�ƐƉĂŶƐ�ŽǀĞƌ�ϭϭ͕ϱϬϬ�ƐƋƵĂƌĞ�ĨĞĞƚ�ĂŶĚ�

ĐŽŶƚĂŝŶƐ�Ă�ƌĞŵĂƌŬĂďůĞ�ĚĞƉƚŚ�ĂŶĚ�ďƌĞĂĚƚŚ�ŽĨ�ŶĂŶŽĨĂďƌŝĐĂƟŽŶ�

ĞƋƵŝƉŵĞŶƚ͘��ůĞĂŶ�ƌŽŽŵ�ƐƚĂī�ŚĂƐ�ŽǀĞƌ�ϭϬϬ�ĐŽŵďŝŶĞĚ�ǇĞĂƌƐ�ŽĨ�

ƌĞůĞǀĂŶƚ�ĞǆƉĞƌŝĞŶĐĞ͘

>ŝƚŚŽŐƌĂƉŚǇ�^ƵŝƚĞ͗ Electron beam, ion beam, direct 

ǁƌŝƚĞ�ŽƉƟĐĂů͕�ŶĂŶŽŝŵƉƌŝŶƚ͕�ĂŶĚ�ŚŽůŽŐƌĂƉŚŝĐ�ůŝƚŚŽŐƌĂƉŚǇ�

ĐĂƉĂďŝůŝƟĞƐ͕�ĂƐ�ǁĞůů�ĂƐ�ĐŽŶƚĂĐƚ�ƉƌŝŶƟŶŐ�ǁŝƚŚ�ďĂĐŬͲƐŝĚĞ�

ĂůŝŐŶŵĞŶƚ͘�

�ĞƉŽƐŝƟŽŶ�^ƵŝƚĞ͗�DƵůƟͲĐŚĂŵďĞƌ�ƐƉƵƩĞƌŝŶŐ�ƚŽŽůƐ͕�ĞůĞĐƚƌŽŶ�

ďĞĂŵ�ĞǀĂƉŽƌĂƟŽŶ͕�ĂŶĚ�ƉůĂƐŵĂͲĞŶŚĂŶĐĞĚ�ĐŚĞŵŝĐĂů�ǀĂƉŽƌ�

ĚĞƉŽƐŝƟŽŶ�ĨŽƌ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�ĚŝĞůĞĐƚƌŝĐ�ĂŶĚ�ŵĞƚĂů�ĮůŵƐ͘��ůƐŽ͕�

ŵŝĐƌŽǁĂǀĞͲƉůĂƐŵĂ�ĐŚĞŵŝĐĂů�ǀĂƉŽƌ�ĚĞƉŽƐŝƟŽŶ�ĨŽƌ�ƉƌŽĚƵĐƟŽŶ�

ŽĨ�ĚŝĂŵŽŶĚ�ĮůŵƐ�ĂŶĚ�ĂŶ��ƚŽŵĂƚĞ�ƐǇƐƚĞŵ�ĨŽƌ�ƉƌŽĚƵĐƟŽŶ�ŽĨ�

ĐĂƌďŽŶ�ŶĂŶŽƚƵďĞƐ�ĂŶĚ�ŐƌĂƉŚĞŶĞ͘

tĞƚ��ƚĐŚ��ĂǇ͗��ůĞĐƚƌŽƉůĂƟŶŐ͕�ĂŶ�ĞůĞĐƚƌŽĐŚĞŵŝĐĂů�

ǁŽƌŬƐƚĂƟŽŶ͕�ĂŶĚ�ƐƵƉĞƌĐƌŝƟĐĂů�ĚƌǇŝŶŐ�ĐĂƉĂďŝůŝƚǇ�ĨŽƌ�ƉŽƐƚͲ

ƉƌŽĐĞƐƐŝŶŐ͕�ŝŶĐůƵĚŝŶŐ�Ă�ĚƵĂůͲĐŚĂŵďĞƌ�KǆĨŽƌĚ�/ŶƐƚƌƵŵĞŶƚƐ�

WůĂƐŵĂůĂď�ϭϬϬ�ĂŶĚ�ƚǁŽ�ƚĂďůĞƚŽƉ�DĂƌĐŚ�WůĂƐŵĂ�ƌĞĂĐƟǀĞ�

ŝŽŶ�ĞƚĐŚĞƌƐ͘��ůƐŽ͕�ǀĂƌŝŽƵƐ�ŵĞƚƌŽůŽŐǇ�ƚŽŽůƐ͕�ŝŶĐůƵĚŝŶŐ�

ƉƌŽĮůŽŵĞƚĞƌƐ͕�Ă�ƐƉĞĐƚƌŽƐĐŽƉŝĐ�ĞůůŝƉƐŽŵĞƚĞƌ͕ �ĂŶĚ�ĂŶ�ĂƚŽŵŝĐ�

ĨŽƌĐĞ�ŵŝĐƌŽƐĐŽƉĞ͘�

�ŝŽŚĂǌĂƌĚ�>ĞǀĞůͲϮ��ŝŽďĂǇ͗�&ƵŶĐƟŽŶĂůŝǌĂƟŽŶ�ŽĨ�ƐƵƌĨĂĐĞƐ�ǁŝƚŚ�
ďŝŽŵŽůĞĐƵůĞƐ�ǁŝƚŚŽƵƚ�ďƌĞĂŬŝŶŐ�ĚĞǀŝĐĞ�ĐůĞĂŶůŝŶĞƐƐ�ƉƌŽƚŽĐŽů͘
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Success Stories

Learning from Mother Nature

/Ŷ�ŶĂƚƵƌĂů�ƐǇƐƚĞŵƐ͕�ĞůĞĐƚƌŽŶ�ŇŽǁ�ŝƐ�ĂƐƐŝƐƚĞĚ�ďǇ�ƉƌŽƚĞŝŶƐ�ƚŚĂƚ�ŽƌŐĂŶŝǌĞ�ĚŽŶŽƌ�ĂŶĚ�

ĂĐĐĞƉƚŽƌ�ŵŽůĞĐƵůĞƐ�ǁŝƚŚ�ŐƌĞĂƚ�ƉƌĞĐŝƐŝŽŶ͘�ZĞƐĞĂƌĐŚĞƌƐ�ŝŶ��ED�ŚĂǀĞ�ĐƌĞĂƚĞĚ�ƚŚĞ�

ĮƌƐƚ�ƐĞůĨͲĂƐƐĞŵďůĞĚ�ŽƌŐĂŶŝĐ�ĮďĞƌƐ͕�ƐƉĞĐŝĮĐĂůůǇ�ƉĞƉƟĚĞƐ͕�ƚŚĂƚ�ŽƌŐĂŶŝǌĞ�ĞůĞĐƚƌŽŶ�

ŇŽǁ�ĂŶĚ�ĐŚĂƌŐĞ�ƐĞƉĂƌĂƟŽŶ�ŝŶ�Ă�ǁĂǇ�ƐŝŵŝůĂƌ�ƚŽ�ƚŚĞ�ƉŚŽƚŽƐǇŶƚŚĞƟĐ�ƉƌŽĐĞƐƐ�ŝŶ�Ă�ůĞĂĨ͕ �

ĨŽƌ�ĞǆĂŵƉůĞ͘�dŚĞ�ĚĞŐƌĞĞ�ŽĨ�ĐŚĂƌŐĞ�ƐĞƉĂƌĂƟŽŶ�ĐĂŶ�ďĞ�ĮŶĞůǇ�ĐŽŶƚƌŽůůĞĚ�ƚŚƌŽƵŐŚ�

ǀĂƌŝĂƟŽŶƐ�ŝŶ�ƚŚĞ�ƉĞƉƟĚĞ�ƐĞƋƵĞŶĐĞ͘�dŚŝƐ�ŝƐ�ƚŚĞ�ĮƌƐƚ�ĞǆĂŵƉůĞ�ŽĨ�Ă�ĐŽŵƉůĞǆ�ƉĞƉƟĚĞ�

ĂƐƐĞŵďůĞĚ�ĨƌŽŵ�ƐŝŵƉůĞ�ƐƚĂƌƟŶŐ�ƉƌĞĐƵƌƐŽƌƐ�ƚŽ�ǇŝĞůĚ�ĂŶ�ŽƌŐĂŶŝǌĞĚ�ĂŶĚ�ĨƵŶĐƟŽŶĂů͕�

ĚǇĞͲƐĞŶƐŝƟǌĞĚ�ƐĞŵŝĐŽŶĚƵĐƟŶŐ�ŵĂƚĞƌŝĂů͘�dŚĞ�ŶĞǁ�ĂƉƉƌŽĂĐŚ�ŽīĞƌƐ�ĂŶ�ĞůĞŐĂŶƚ�

ŵĞĂŶƐ�ƚŽ�ƐƉĂƟĂůůǇ�ĐŽŶƚƌŽů�ĐŽŵƉŽŶĞŶƚƐ�ĂƌƟĮĐŝĂůůǇ͘��ĐŚŝĞǀŝŶŐ�Ă�ŐƵŝĚĞĚ͕�ĚŝƌĞĐƟŽŶĂů�

ŇŽǁ�ŽĨ�ĞůĞĐƚƌŽŶƐ�ŝƐ�Ă�ĚĞƐŝƌĂďůĞ�ĨĞĂƚƵƌĞ�ĨŽƌ�ƉŚŽƚŽǀŽůƚĂŝĐ�ĂƉƉůŝĐĂƟŽŶƐ͘�

Elemental Fingerprinting of Materials with Sensitivity  

at the Atomic Limit

^ĐĂŶŶŝŶŐ�ƚƵŶŶĞůŝŶŐ�ŵŝĐƌŽƐĐŽƉǇ�;^dDͿ�ŽīĞƌƐ�Ă�ĮŶĞƌ�ĚĞŐƌĞĞ�ŽĨ�ƐƉĂƟĂů�ƌĞƐŽůƵƟŽŶ�

ƚŚĂŶ�ǀŝƌƚƵĂůůǇ�ĂŶǇ�ŽƚŚĞƌ�ŝŵĂŐŝŶŐ�ƚĞĐŚŶŝƋƵĞ͕�ĂůƚŚŽƵŐŚ�ŝƚ�ŚĂƐ�ŽŶĞ�ƐŝŐŶŝĮĐĂŶƚ�

ĚƌĂǁďĂĐŬ͗�ŝƚ�ĚŽĞƐ�ŶŽƚ�ƉƌŽǀŝĚĞ�ĚŝƌĞĐƚ�ŝŶĨŽƌŵĂƟŽŶ�ĂďŽƵƚ�ƚŚĞ�ĐŚĞŵŝƐƚƌǇ�Žƌ�ƚŚĞ�

ŵĂŐŶĞƟĐ�ƉƌŽƉĞƌƟĞƐ�ŽĨ�ƚŚĞ�ŵĂƚĞƌŝĂů͘�KǀĞƌĐŽŵŝŶŐ�ƚŚŝƐ�͞ĐŚĞŵŝĐĂů�ďůŝŶĚŶĞƐƐ͟�ŚĂƐ�

ƉƌŽǀĞĚ�ĐŚĂůůĞŶŐŝŶŐ͘���ŶĞǁ�ƚĞĐŚŶŝƋƵĞ�ŽĨ�ƐǇŶĐŚƌŽƚƌŽŶ�yͲƌĂǇ�ƐĐĂŶŶŝŶŐ�ƚƵŶŶĞůŝŶŐ�

ŵŝĐƌŽƐĐŽƉǇ�ƵŶŝƚĞƐ�^dD�ǁŝƚŚ�ƚŚĞ�ƐǇŶĐŚƌŽƚƌŽŶ�yͲƌĂǇƐ�ƉƌŽǀŝĚĞĚ�ďǇ�ƚŚĞ��ĚǀĂŶĐĞĚ�

WŚŽƚŽŶ�^ŽƵƌĐĞ͘��Ɛ�ŝůůƵƐƚƌĂƚĞĚ�ďǇ�ƚŚĞ�ĂĚũĂĐĞŶƚ�ŝŵĂŐĞ͕�ƌĞƐĞĂƌĐŚĞƌƐ�ŝŶ��ED�

ĂĐŚŝĞǀĞĚ�ĐŚĞŵŝĐĂů�ĮŶŐĞƌƉƌŝŶƟŶŐ�ŽĨ�ŝŶĚŝǀŝĚƵĂů�ŶŝĐŬĞů�ĐůƵƐƚĞƌƐ�ŽŶ�Ă�ĐŽƉƉĞƌ�ƐƵƌĨĂĐĞ�

Ăƚ�ůĂƚĞƌĂů�ƌĞƐŽůƵƟŽŶ�ŽĨ�Ϯ�ŶĂŶŽŵĞƚĞƌƐ͕�ĂůŽŶŐ�ǁŝƚŚ�ŚĞŝŐŚƚ�ƐĞŶƐŝƟǀŝƚǇ�ŽĨ�Ă�ƐŝŶŐůĞ�

ĂƚŽŵ͘�DŽƌĞŽǀĞƌ͕ �ƚŚĞǇ�ŵĞĂƐƵƌĞĚ�ƚŚĞ�ƉŚŽƚŽŝŽŶŝǌĂƟŽŶ�ĐƌŽƐƐ�ƐĞĐƟŽŶƐ�ŽĨ�Ă�ƐŝŶŐůĞ�Eŝ�

ŶĂŶŽĐůƵƐƚĞƌ͘ �dŚŝƐ�ŶĞǁ�ƚĞĐŚŶŝƋƵĞ�ŽƉĞŶƐ�ĞǆĐŝƟŶŐ�ŽƉƉŽƌƚƵŶŝƟĞƐ�ĨŽƌ�ƚŚĞ�ĐŚĞŵŝĐĂů�

ŝŵĂŐŝŶŐ�ŽĨ�ŶĂŶŽƐĐĂůĞ�ŵĂƚĞƌŝĂůƐ͘

When Getting the Blues is Good for Solar Cells

��ŶĞǁ͕�ŝŶĞǆƉĞŶƐŝǀĞ�ŶĂŶŽŵĂƚĞƌŝĂů�ƵƐŝŶŐ�Ă�ƉƌŽĐĞƐƐ�ĚƵďďĞĚ�͞ƉŚŽƚŽŶŝĐ�ĐƵƌŝŶŐ͟�

ǁĂƐ�ĚĞǀĞůŽƉĞĚ�ĨŽƌ�ƐŽůĂƌ�ĐĞůůƐ�ďǇ�Ă�ƵƐĞƌ�ƚĞĂŵ�ůĞĚ�ďǇ��͘�<ŽƌŐĞů�Ăƚ�ƚŚĞ�hŶŝǀĞƌƐŝƚǇ�

ŽĨ�dĞǆĂƐ�Ăƚ��ƵƐƟŶ͘�dŚŝƐ�ŵĂƚĞƌŝĂů�ŝƐ�ĐĂƉĂďůĞ�ŽĨ�ŐĞŶĞƌĂƟŶŐ�ŵƵůƟĞǆĐŝƚŽŶƐ͕�ǁŚŝĐŚ�

ŚĞůƉ�ƚŽ�ŝŶĐƌĞĂƐĞ�ƚŚĞ�ĂŵŽƵŶƚ�ŽĨ�ĞůĞĐƚƌŝĐŝƚǇ�ŐĞŶĞƌĂƚĞĚ͘�dŚŝƐ�ŶĞǁ�ƚĞĐŚŶŽůŽŐǇ�ŚĂƐ�

ƚŚĞ�ƉŽƚĞŶƟĂů�ƚŽ�ĐĂƉƚƵƌĞ�ĂŶĚ�ĐŽŶǀĞƌƚ�ƐŽůĂƌ�ĞŶĞƌŐǇ�ʹ�ĞƐƉĞĐŝĂůůǇ�ĨƌŽŵ�ƚŚĞ�ďůƵĞƌ�

ƉĂƌƚ�ŽĨ�ƚŚĞ�ƐƉĞĐƚƌƵŵ�ʹ�ŵŽƌĞ�ĞĸĐŝĞŶƚůǇ�ƚŚĂŶ�ĞǀĞƌ�ďĞĨŽƌĞ͘��Ŷ�ĞǆĐŝƚŽŶ�ŝƐ�Ă�ŵŽďŝůĞ�

ĐŽŶĐĞŶƚƌĂƟŽŶ�ŽĨ�ĞŶĞƌŐǇ�ŝŶ�Ă�ĐƌǇƐƚĂů�ĨŽƌŵĞĚ�ďǇ�ĂŶ�ĞǆĐŝƚĞĚ�ĞůĞĐƚƌŽŶ�ĂŶĚ�ĂŶ�

ĂƐƐŽĐŝĂƚĞĚ�ŚŽůĞ͘�^ƉĞĐŝĂůŝǌĞĚ�ƐƉĞĐƚƌŽƐĐŽƉŝĐ�ĞƋƵŝƉŵĞŶƚ�Ăƚ�ƚŚĞ��ED�ŚĂƐ�ĚĞƚĞĐƚĞĚ�

ƚŚĞƐĞ�ŵƵůƟĞǆĐŝƚŽŶƐ͘��Ŷ�ŝŶĞǆƉĞŶƐŝǀĞ�ƚŚŝŶͲĮůŵ�ƐĞŵŝĐŽŶĚƵĐƚŽƌ͕ �ŶĂŶŽĐƌǇƐƚĂůůŝŶĞ�

�Ƶ/Ŷ^Ğ
2
, was created by photonic curing to vaporize organic molecules that inhibit 

ŵƵůƟƉůĞ�ĞǆĐŝƚŽŶ�ĞǆƚƌĂĐƟŽŶ͘�dŚĞ�ĂĐĐŽŵƉĂŶǇŝŶŐ�ŝŵĂŐĞ�ŝůůƵƐƚƌĂƚĞƐ�ƚŚĞ�ƌĞŵŽǀĂů�ŽĨ�

ĐĂƉƉŝŶŐ�ůŝŐĂŶĚƐ�ĨƌŽŵ�ƚŚĞ�ĂƌĞĂ�ǁŚĞƌĞ�ŵƵůƟĞǆĐŝƚŽŶ�ƚƌĂŶƐƉŽƌƚ�ŽĐĐƵƌƐ͘
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Outreach Programs and Activities

The CNM’s outreach programs raise awareness about 

ƚŚĞ�ƵŶŝƋƵĞ�ĨĞĂƚƵƌĞƐ͕�ĐĂƉĂďŝůŝƟĞƐ͕�ĂŶĚ�ĞǆƉĞƌƟƐĞ�ƚŚĂƚ�

ŬĞĞƉ�ŽƵƌ�ĐĞŶƚĞƌ�ŽŶ�ƚŚĞ�ĐƵƫŶŐ�ĞĚŐĞ�ŽĨ�ŶĂŶŽƐĐŝĞŶĐĞ�ĂŶĚ�

ŶĂŶŽƚĞĐŚŶŽůŽŐǇ�ƌĞƐĞĂƌĐŚ͘�dŚĞǇ�ĂůƐŽ�ƉƌŽǀŝĚĞ�ĂŶ�ĂǀĞŶƵĞ�ĨŽƌ�

�ED�ƐƚĂī�ƐĐŝĞŶƟƐƚƐ�ƚŽ�ŝŶƚĞƌĂĐƚ�ǁŝƚŚ�ƚŚĞ�ŐĞŶĞƌĂů�ƉƵďůŝĐ͘

 � �ŶŶƵĂů�hƐĞƌƐ�DĞĞƟŶŐ�ǁŝƚŚ�ƉůĞŶĂƌǇ�ƐĞƐƐŝŽŶƐ͕�ǁŽƌŬƐŚŽƉƐ͕�
poster sessions, and a vendor expo

 � dĞĐŚŶŝĐĂů�ǁŽƌŬƐŚŽƉƐ�ŽŶ�ǀĂƌŝŽƵƐ�ƐĐŝĞŶƟĮĐ�ƚŽƉŝĐƐ�ŝŶ�
nanoscience and nanotechnology

 � ^ŚŽƌƚ�ĐŽƵƌƐĞƐ�ƚŚĂƚ�ŽīĞƌ�ƚƵƚŽƌŝĂůƐ�ĂŶĚ�ŚĂŶĚƐͲŽŶ�ƚƌĂŝŶŝŶŐ�
ŽŶ�ǀĂƌŝŽƵƐ�ŝŶƐƚƌƵŵĞŶƚƐ�ĂŶĚ�ĐĂƉĂďŝůŝƟĞƐ

 � &ĂĐŝůŝƚǇ�ƚŽƵƌƐ

 � dƌŝĂŶŶƵĂů�ŶĞǁƐůĞƩĞƌƐ�

 � &ĂĐĞďŽŽŬ�ƉĂŐĞ�

 � �ĚƵĐĂƟŽŶĂů�ŽƵƚƌĞĂĐŚ�ĂŶĚ�ƉƵďůŝĐ�ĂǁĂƌĞŶĞƐƐ�ĞǀĞŶƚƐ
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Changing the World with Nanoscience

 � October, CNM 
opens Building 440

 � Inaugural 
Users Executive 
Committee is 
formed

 � Hard X-ray 
Nanoprobe at 
APS Sector 26 
commissioned

 � High Performance 
Computing Cluster 
Carbon makes 
“Top 500” world’s 
fastest computers

 � Safe Handling 
of Nanoscale 
Materials 
Workshop

 � Yugang Sun wins 
Presidential Early 
Career Award for 
Scientists and 
Engineers

 � A CNM-only users 
meeting is held

 � Scanning Probe 
Microscopy facility 
(Building 441) is 
built

 � R&D100 Award 
for Hard X-ray 
Nanoprobe 

 � Joint meeting for 
CNM/APS/EMC 
users held annually 
from this year 

 � High School 
Talent Fellowship 
Program started

 �Magnetism in 
Micro- and Nano-
electromechanical 
Systems Workshop

 � Raman Microscopy 
in Nanoscience 
Workshop

Program and Abstracts
Argonne National Laboratory
October 5–7, 2009

The Center for  
Nanoscale Materials
Users Meeting

Timeline

The CNM facility was completed in October 2006, and much of  

ƚŚĞ�ƐƚĂĸŶŐ�ƚŽŽŬ�ƉůĂĐĞ�ĚƵƌŝŶŐ�ƚŚĞ�ŶĞǆƚ�ǇĞĂƌ�ǁŚĞŶ�ŝƚ�ƌĞĂĐŚĞĚ�ĨƵůů� 

ŽƉĞƌĂƟŽŶƐ�ŵŽĚĞ͘�dŚĞ��ED�ĐŽŶƟŶƵĂůůǇ�ĂĚĚƐ�ĐĂƉĂďŝůŝƟĞƐ�ĂŶĚ� 

ĞǆƉĞƌƟƐĞ�ƚŚĂƚ�ŬĞĞƉ�ƉĂĐĞ�ǁŝƚŚ�ŶĂŶŽƚĞĐŚŶŽůŽŐǇ�ĂĚǀĂŶĐĞŵĞŶƚƐ� 

ĂŶĚ�ƚŚĂƚ�ĂĚĚƌĞƐƐ�ƚŚĞ�ĚĞƐŝƌĞƐ�ŽĨ�ŽƵƌ�ĚŝǀĞƌƐĞ�ƵƐĞƌ�ĐŽŵŵƵŶŝƚǇ͘

2006 2008 20102007 2009
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 � Rose wins DOE 
early career award

 � Carbon for 
Micro- and Nano-
electromechanical 
Systems Workshop

 � NSRC Workshop 
on Nanoparticle 
Science

 � R&D100 Award for 
Miraj Diamond

 �Wiederrecht and 
Rozhkova win 
Distinguished 
Performance 
Awards

 �Wood wins 
Outstanding 
Service Award

 � User Facilities for 
Industry Workshop

 � National 
User Facility 
Organization 
Exhibition on 
Capitol Hill

 � October, EMC joins 
CNM

 � R&D100 Award for 
Nanofab Lab in a 
Box

 � R&D100 Award 
for Sequential 
Infiltration 
Synthesis 
Lithography

 � International 
Workshop on 
Nanoscale 
Spectroscopy and 
Nanotechnology

 � APS/CNM Users 
Meeting in May

 � New scanning 
probe microscopy 
and electron 
paramagnetic 
resonance (EPR) 
capabilities become 
available

NATIONAL
USER
FACILITY
ORGANIZATION

20122011 2013 2014 2015
 � R&D100 Award for 
Radiofrequency 
Micro-mechanical 
System Switch

 � Greeley wins DOE 
early career award

 � Shevchenko wins 
Distinguished 
Performance Award 
and Presidential 
Early Career Award

 � Chemical Synthesis 
of Nanoparticles 
and Catalysis 
Workshop

͞�Ǉ�ƵŶĚĞƌƐƚĂŶĚŝŶŐ�ƚŚĞ�ƉƌŽƉĞƌƟĞƐ�ŽĨ�
nanomaterials, we can not only understand 

the fundamental phenomena, but also there 

ŵĂǇ�ďĞ�ŽƉƉŽƌƚƵŶŝƟĞƐ�ƚŽ�ĂƉƉůǇ�ƚŚĞŵ� 
�ƚŽ�ƚŚĞ�ŐŽŽĚ�ŽĨ�ŚƵŵĂŶ�ŬŝŶĚ͘͟

^Ăǁ�tĂŝ�,ůĂͬ�WŚǇƐŝĐŝƐƚ
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“Science is actually a team sport. You cannot 

ǁŝŶ�Ă�ĨŽŽƚďĂůů�ŐĂŵĞ�ǁŝƚŚ�ũƵƐƚ�Ă�ƋƵĂƌƚĞƌďĂĐŬ͘�
zŽƵ�ƌĞĂůůǇ�ŶĞĞĚ�Ă�ƚĞĂŵ�ŽĨ�ƉĞŽƉůĞ�ŝŶƚĞƌĂĐƟŶŐ�
ƚŽŐĞƚŚĞƌ͕ �ĂŶĚ�ǁĞ�Ăƚ��ED�ŚĂǀĞ�ƚŚĂƚ�ƚĞĂŵ͘͟ �
VŽůŬĞƌ�ZŽƐĞͬWŚǇƐŝĐŝƐƚ�

KŶ�ƚŚĞ�ĐŽǀĞƌ͗ 
�ĂƌƚŽŽŶ�ƌĞƉƌĞƐĞŶƚĂƟŽŶ�ŽĨ�ƚĞŵƉĞƌĂƚƵƌĞͲƌĞƐƉŽŶƐŝǀĞ�
ŵĂŐŶĞƟĐ�ŶĂŶŽŵŝĐĞůůĞƐ�ƚŚĂƚ�ĐĂŶ�ƐĞƌǀĞ�ĂƐ�ƚŚĞƌŵĂů�ĞŶĞƌŐǇ�
ƐŽƵƌĐĞƐ�ĂŶĚ�ĐĂƌŐŽ�ĐĂƌƌŝĞƌƐ�ĨŽƌ�ĐŽŶƚƌŽůůĞĚ�ĚƌƵŐ�ƌĞůĞĂƐĞ�
;sŝƚŽů�Ğƚ�Ăů͕͘��ĚǀĂŶĐĞĚ�DĂƚĞƌŝĂůƐ�/ŶƚĞƌĨĂĐĞƐ͕� 
�K/͗�ϭϬ͘ϭϬϬϮͬĂĚŵŝ͘ϮϬϭϰϬϬϭϴϮͿ


